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PREFACE 



On January 8, 1913, the author presented a paper; "Irrigation and River 
Control in the Calorado River Delta," before the American Society of Civil 
Engineers. For several months thereafter the monthly Proceedings of the 
Society contained discussions and criticisms fay engineers and others from all 
parts of the country. The paper and discussions were reprinted in the 
Society's Transactions (Vol. LXXVI, pp. 1204-1571). They together consti- 
tute the most exhaustive and accurate account and recent history of the 
Imperial Valley and the Salton Sea, which has appeared or probably will be 
published for many years to come. 

Copies of the paper were sent to all of those still living who had taken any 
important part in the engineering, financial and development sides of the 
Colorado Desert and Yuma Valley reclamations, and to all of those who 
probably might have had peculiar opportunities to know the real facts of the 
various important events, requesting comments and criticisms. Expressions _ 
of regret that the paper had appeared in a publication which is practically 
unavailable to the general public were so general it was finally decided to 
order a few hundred reprints and bind them together with some additional 
matter of scientific but popular interest concerning the region. In this way 
the present volume resulted. 

Part I, by the distinguished geologist, Prof. Wm. P. Blake, is of exceptional 

interest. Dr. Blake was the first to examine and describe the Colorado 

Desert in a scientific way. He was the Geolc^ist of Lieut. Williamson's 

party of United Stales Topographic Engineers which surveyed and reported 

^: — ^pon the southern route for a transcontinental railroad in 1853. Dr. Blake 

~C" died May 22, 1910, at the age of 83 years, mourned by a host of scientific and 

■■^i personal friends in Europe and in this country, extending from New Haven, 

•^ Conn., to the Pacific Coast, who loved him for his charming personality as 

• much as they admired his profound learning and ability. While Emeritus 

Professor of Geology in the University of Arizona he very kindly consented 

1 — ^ help the author in preparing an elaborate paper on irrigation and river 

i control upon the Lower Colorado, and in the latter part of 1908 wrote the 
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Vlll PREFACE 

interesting and delightful monograph here given. Much of this manuscript 
was, however, considered peculiarly suitable for use in the volume of scientific 
monographs on the Salton Basin being compiled under the direction of 
Dr. D. T. MacDougal for the Carnegie Institution of Washington, D. C. 
Some of the material was omitted from that volume because of sections by 
other writers which treated various interesting phases in more detail. 
Through Dr. MacDougal's kindness it is possible to use Dr. Blake's paper 
which is here given in the original and complete form as revised by Dr. 
Blake shortly before his death. 

Through the kindness of Dr. MacDougal and the several authors who 
collaborated with him in the volume on the Salton Basin it is possible to 
present the interesting abstracts which constitute Part II. 

Part III is a general description of the entire Colorado River Watershed 
compiled by the author chiefly from data contained in Government publica- 

Part IV is the author's paper; "iirigation and River Control in llic 
Colorado River Delia," with discussions, as it finally appears in the Trans- 
actions of the American Society of Civil Engineers. 

Part V is a statement of the developments in the region from September, 
1913, to July, 1915. 

H. T. CORY. 
Sf-N Kkancisco, Cal., July 31, 1915. 
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I. THE GULF OF CALIFORNIA. 

The great Gulf of California into which the Colorado of the west has 
poured its abundant floods taden with sediment and built up a broad and 
fertile delta, is one of the most remarkable of the physical features of North 
America, interesting alike for its form, extent, geologic history, and climatic 
and other phenomena analogous to those of the Red Sea of Asia. It is 
especially interesting in its relations to the Colorado River — the Nile of 
America — and to the history of the progress of the early explorations and 
discovery on this continent. 

Since the days of Corlez and Montezuma, it has been a fascinating region 
for exploration ; and has been known at different times as the "Sea of 
Cortei," the "Vennillion Sea," and the "Sea of California." 

It occupies the long trough-like valley, on the western coast of Mexico, 
extending over nearly ten degrees of latitude, or 800 miles, from the parallel, 
32 degrees to 32 degrees. It separates the mountainous peninsula of Lower 
California from the Sierra Madre of Mexico. 

PsoGREsa OF Discovery. 

The Gulf of California and its shores were the scenes of many of the 
earliest efforts at discovery and colonization after the conquest of Mexico 
by Cortez. 

In 1G39, Cortez sent an expedition with three vessels under the command 
of Francisco De Ulloa, up the gulf from Acapulco. The gulf was then 
supposed to be a long strait, leading to the North Sea, and Ihe peninsula of 
Lower California was supposed to be an island. Ulloa found his passage 
northward barred by the deposits of a great river, but he returned without 
exploring it. 

In 1540 Fernando Alargon was sent up the gulf by Viceroy Mendoza, 
with instructions to explore the river and to unite with the land exploration 
under Coronado, who started April 22, 1540, from Culiacan overland to reach 
the Seven Cities of Cibola, described by the Friar Mances de Noza. It 
appears that Alargon left his vessel at the mouth of the Colorado, which he 
ascended by boat for Ifi days. Returning to his vessel, he left letters for the 
explorer Diaz at the foot of a large cross estimated to be 15 leagues from 
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2 THE GULF OF CALIFORNIA 

the mouth of the river. Diaz is supposed to have ascended the river and to 
have been the 6rst white man to walk upon the Colorado Desert. 

According to the historian Venegas, Father Consag made a survey of the 
gulf in 1746. Sailing in small boats along the western side of the gulf, he 
reached the mouth of the Colorado and described the land about it as low, 
marshy and red, so soft that it would not support the men when they stepped 
upon it. 

The history of these early explorations is graphically told by G. Wharton 
James in Chapter VII of the first volume of his book on the Cahfomia 
Desert.* He relates that the first Christian known to have crossed the entire 
length of the desert from the San Gabriel Mission, in California, by the pass 
of San Gorgonio was one Sebastian, a converted Indian, who had fled frorn 
the mission. He reached Tubac and afterwards became connected with 
Captain Juan Bautista de Anza as a guide. They in company with the Padres 
Forst and Garees started acrdss the desert in January, 1774. Palma, a chief 
of the Vumas, is said to have accompanied them across the river to a lagoon 
in the southwest which was formed by the river in time of floods. Anza is 
said to have wandered in the region tor six days and to have then returned 
to the lagoon for a fresh start, under Palma's direction. Mr. James thinks 
that the party under the guidance of Palma finally traversed the desert 
northwesterly and crossed the mountains at the pass of San Gorgonio which 
they named "Puerto de San Carlos." 

This is the first record or mention seen by the writer of any transit of 
the pass by either Indian or Spanish explorers. Doubtless the pass has long 
been known to the Indians as a short route across the mountains, but at the 
time of the transit of the pass by Lieut. Parke, second in command of (he 
Williamson expedition, and the writer as zoologist, in 1853, nothing was 
known of it in the literature of exploration of the Western Coast and no trail, 
road or indication of trail could be seen. It was an unknown pass in an 
unknown region, leading into a dreaded desert. 

Although well acquainted with Don Juan Warner, and conversing fre- 
quently with him in 1853-54 about the desert, he did not mention this pass 
or any route through that portion of the desert to the northwest. 

The early (Jesuits) fathers entered upon the peninsula in 1697, estab- 
lishing missions and building churches. On their visits northward to the 
missions of Alta California, and in connection with the military expeditions 
of exploration and occupation, followed the coast of the gulf as nearly as 

■ •■■The Wonders of the Colorado Desert." George Wharton James. 2 vols. 
Little, Brown & Co,. Boston, 1906. 
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possible on their way from Culiacanon the gulf. They crossed the Colorado 
below the mouth of the Gila and made their way across the desert to the 
mountains at. the warm springs afterward occupied by Warner on the way 
lo San Diego, or to Los Angeles. The main road in Sonora from Altar 
passed through the mining town now known as El Plomo, and the route is 
still known there as the "Camino Real." 

Cahioghaphy. 

The progress of discovery and knowledge of the region of the gulf is 
well illustrated by the maps published at different dates. 

Up to the time of the completion of the explorations of Ulloa and of 
Alar^on the gulf, or Vermillion Sea, was regarded as a long strail, extending 
nearly lo the parallel 50° North latitude. The peninsula of Lower CaUfornia, 
and indeed all Upper California, named New Albion by Sir Francis Drake in 
1577, was supposed to be an island separated from New Granada, now New 
Mexico, by this strait or -gulf, by some then regarded as the mythical Strait 
of Arrian separating from the main land the equally mythical island of gold, 
pearls and Amazons, called CaUfornia in an ancient Spanish romance* from 
Califa, the queen of the Amazons. This belief had taken such a strong hold 
upon the imagination of map-makers and the stay-at-home geographers that, 
notwithstanding the result of the explorations of Ulloa and Alar^on, maps 
published in England as late as 1721 perpetuated the error. But Father 
Kino, the intrepid, intelligent and faithful Jesuit explorer, and his associates 
had already solved the problem and had shown upon Father Kino's map, 
dated about 1700,t ihat California was a peninsula, and that the deposits of 
the Colorado River, formed the head of the gulf. 

The map of Petro Font, Tabutama 1777, shows the head of the gulf as 
reaching irregularly far inland ; and may be regarded as rudely representing 
the region of the Hardy's Colorado and the Pattie Basin. 

An English map by Burg contemporaneous with Father Kino's shows 
California as an island, and in a New General Atlas of the World, published 
in 1T21, it is similarly represented. t 
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4 THE GULF OF CALIFORNIA 

An excuse for the early erroneous view of California as an island may 
be found iii the fact that topographically the valley of the gulf does not end 
at the mouth of the Colorado but continues as a low open country, a part of 
it below the sea-level, for some 200 miles beyond toward the western coast, 
covering the region now known as the Delta, the Imperial, Coachella and 
Cahuilla Valleys, in part, for the present, submerged by the Salton Sea. 

Routes Aatoss the Desert. 

The desert or valley region between the Colorado at the mouth of the 
Gila, and the peninsula mountains and Warner's Valley, up to the middle of 
the last century, was a much dreaded BO-mile journada without water or shade 
from the burning sun. It was usually traveled in haste and generally at 
night, to escape the heat; and little time was given to the study of its 
phenomena. As a rule it was a race for life, from the time of leaving the 
waters of the Colorado to the first water in Carrizo Creek, San Filipe or 
Vallecitos. To the greater number of travelers, there was nothing to note 
but a seemingly endless plain of desert and burning sands. 

When gold was discovered upon the American River in Upper California, 
the report reaching the mining population of Sonora, caused a great exodus 
of Sonoranian miners to the New Eldorado. They generally took the ancient 
road northward from Altar to the crossing of the Colorado at the mouth of 
the Gila, and thence over the desert 

Lt.-Col. W. H. Emory crossed the desert in 1846, by the old trail between 
the mouth of the Gila and San Diego. Some captured Mexicans failing to 
find water at the Alamo, stated that a league to the west ihey had found a 
running stream, but Col. Emory, who sent out parties to search for it, did not 
(ind it. He described a basin of a salt lake as three-quarters of a mile long 
and half a mile wide, in which the water had receded to a pool.* He noted 
the occurrence of shells on the 90-mile desert. Capt. A. R. Johnson, who 
accompanied Col. Emory, and was killed in action at the battle of San 
Pasquale December 6, 1848, was probably the first to recognize that the 
desert area was once covered by water, for he writes: 

"At a no distant day, this place which is now a dry desert, was once a 
permanent lake."t 

He noted also the occurrence of shells. 

But neither of these explorers noted' that the surface of the desert was 
below the level of the sea. 
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The much later explorations of the Lower Colorado and the head of the 
gulf by Ives, Dewey and others are well known. The explorers, however, 
did not reach the interior desert region. 

Pacific Railroaii Explorations. 

The year 1853 was a most notable one in the history of explorations of 
United States territory west of the Mississippi River. In thai year under the 
administration of President Pierce with Jefferson Davis as Secretary of 
War, four fully equipped expeditions authorized by Congress, were sent out 
to explore the almost unknown country lying between the Mississippi River 
and the Pacific Ocean, to look for and determine a practicable route for a 
railway. 

Our knowledge of the country at that date may be summarised as follows; 
Aside from the early explorations in the northwest, Fremont, in his daring 
overland explorations, had made us acquainted with the obstacles and perils 
of a route across the Sierra Nevada; Stansbury had told us of the Great Salt 
Lake ; Sitgraves had crossed Arizona south of the Grand Canyon, entering 
what is now California, near the mouth of Bill Williams Fork ; and Emory 
had made a rapid military reconnoissance of the route from Fort Leaven- 
worth, Mo,, to San Diego, in California. 

To one of the expeditions of 1853, was assigned the duty of following the 
Sierra Nevada of California southward, to seek for any suitable pass through 
which a railway might be built from the Missouri River to the Pacific Ocean, 
This survey was placed in charge of Lieut. R. S. Williamson, of the U. S. 
Topographical Engineers, with Lieut. J. G. Parks, second in command. The 
writer was geologist, attached to this party, and while acting in this capacity 
made the first geological examinatioil of the Colorado Desert. Walker's 
Pass, much vaunted at the time as the best and only practicable pass in the 
Sierra Nevada was the first objective point. It was most favored by Senator 
Gwin of California (known also as "Duke" Gwin), who had personally 
taken the field and journeyed as far south as the Tejon ; and could see from 
its summit a favorable route across the Great Basin westward. Surveys 
were made by the Williamson expedition, of Walker's Pass, the Taheechapah 
(the orthography of which has been corrupted to Tehachipi), Tejon, Canada 
de las Uvas, the passes north of Los Angeles, and the Cajon from the Mojave 
to San Bernardino, without finding any pass that offered an especially 
favorable and easy route or inviting grades. 
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San Gmigonio Pass. 

Imagine, then, the enthusiasm with which the unknown great break in 
the mountain range between San Bernardino and San Jacinto was approached 
by the members of the party af.we made our way eastward from the region, 
then practically unoccupied but now known as Colton and Redlands, and 
found an easy grade and open country for our train of wagons to the summit, 
only 2580 feel above the sea. Here, at last, was discovered the greatest break 
through the western Cordillera, leading frqm the slopes, of Los Angeles and 
the Pacific into the interior wilderness. It had no place upon the maps, and 
had not been traversed by sftryeying parties or wagons. From the surnmit 
we could look eastward and southward into a deep and apparently inter- 
minable valley stretching off in the direction of the Gulf of Cahfornia. This 
pass was evidently the tru^ gateway from the interior to the Pacific Ocean. 

The discovery of this : practicable and easy railroad route, determined the 
construction of a southern railroad; and made it necessary to acquire from 
Mexico the strip of country in Southern Arizona, since knowft as the 
"Gadsden Purchase." 

We descended with eagerness into this great unknown valley, carefully 
reading the barometer at regular distances to ascertain the grade. Pro- 
ceeding without obstacles, but without any trace of a road and following 
the dry bed of a stream, now known as the Whitewater, we reached the bed 
of a former lake, and found it to be below the level of the sea. 

The value of this pass as a great natural gateway through the mountains 
from the ocean to the interior, is emphasized by the magnificence of the 
mountain masses rising, like sentinels, on the north and on the south. 
These are San Bernardino, over 11,000 feet, and snow-capped for the greater 
part, of the year; and San Jacinto, the sharp peak on the south with the 
rugged sides and similar elevation, which forms the northern end of the 
peninsula range; 

This San Gorgonio Pass is the only ^ great break directly through the 
mountains from Cape St. Lucas to the Golden Gate; and like the Golden 
Gate, it is a great draught -channel for the in-rush of ocean winds to supply 
the uprising heated air of the interior deserts. 

Topographically, this valley into which we descended is the northwestern 
I, prolongation, or head, of the Gulf of CaUfornia. 
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Outline of Geologic History. 



Thai this valley was formerly occupied by sea-water is shown by the reefs 
of fossil oysters' aiid other marine shells. As these fossils are now above 
tide-level, it is evident that there has heen a considerable uphft of the whole 
region, and a change frf5KJ,,D^ine to fresh water conditions. 

Such no doubt were the conditions in Middle Tertiary' times. The waves 
of' the gulf then washed the slopes of the San Jacinto and San Bernardino 
where we now find arid mountains and desert plains. 

The silt of the Colorado was distributed far and wide in the interior sea. 
only partially cut oft from the broad Pacific by a chain of islands which now 
form the crest of the peninsula .mountains from San Jacinto to Cape St. 

Further north on the west coast of the United States we have another 
great longitudinal valley separating the Coast Ranges of California from 
the Sierra Nevada. The two, great valleys are similar in many respects; 
they both receive the drainage of the larger rivers of the interior and protect 
the deltas of their rivers from the direct destructive or modifying action of 
the sea. In the Gulf of California we find the delta of the Colorado, and in 
the California Valley the deltas of the San Joaquin and of the Sacramento 
rivers. The California Valley is nearly at the sea level. The sea has been 
displaced by alluvium. A depression of the western coast of less than 1000 
feet would flood the valley with sea-water through the Golden Gate from 
the Tejon to Shasta. A similar, or even less depression of the Lower Cali- 
fornia Region would carry the tides. of the gulf far north of Yuma and flood 
the valley for 200 miles northwest of the present head of the gulf. A 
depression of 3580 feet would connect the waters of the pacific and the gulf 
at the Pass of San Gorgonio, where the trains of the Southern Pacific Rail- 
way cross the divide, and would make an island of the Peninsula of Lower 
CalifornU. 

As the land gradually rose from the waves, beds of oyster shells and of 
other fonns of marine fife came into view and may he seen today a thousand 
feet above the valley on the sides of the San Jacinto Mountains. Such 
evidence of the former marine occupation of the valley are particularlj- 
strong and convincing along the eastern base of the peninsula mountains 
where marine fossils of the Tertiary period are numerous, especially in the 
stratified iormation along Carriio Creek. Many of these fossil shells were 
observed in JSSS, but . have, since been _de scribed more in detail by other 
explorers, notably by Dr. E. C. Stearns of California. 
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Dr. Stephen Bowers, who describes many of the localities, writes of the 
region generally as follows :* 

"The water of the old Tertiary Sea, which once prevailed here, must 
have been extremely favorable to the propagation and growth of mollusks, 
especially oysters. After the vast erosion that has taken place, there are many 
square miles of fossil beds, especially of oyster -shells, which, in places, are 
200 feet thick and may extend downward to a much greater depth. The 
oysters existed not only in vast numbers, but in many varieties from the 
small shell which is in evidence over so much of the territory, to varieties 
nearly a foot long and to others weighing several pounds each. One variety 
is nearly as round and as large as a dinner plate." 

Fossil oyster shells are perhaps more abundant in the Coyote Wells dis- 
trict, about seven miles north of the International Boundary Line and about 
375 feet above the level of the sea. Other deposits of marine shells, including 
shark's teeth, pecl^ns, and univalves, are reported from one of the branches 
of Carrizo Creek. 

But the occupation of the valley by sea-water, while comparatively recent, 
geologically, has extreme antiquity and long antedates human history, dating 
back to the Middle Tertiary. The continental elevation which followed 
culminated in the Pleistocene, or Glacial Period, when the precipitation of 
rain and snow are believed to have attained their maximum. At that time 
the Colorado of the west had its greatest volume and transporting power. 
Its silt was distributed far and wide in the interior sea, then only partially 
cut oiif from the broad Pacific by a chain of islands which now form the 
crest of the peninsula mountains from San Jacinto to Cape St. Lucas. Enter- 
ing the gulf just below where the mouth of the Gila River now is, it began 
dropping its load of debris and silt, forming Ihe raised delta which gradually 
extended westward and southerly across the upper end of ihe gulf toward the 
Cocopah Mountains, and finally to the higher ridges beyond the Pat tie 
Basin — even to the eastern base of the peninsula mountains. Aided by the 
gradual elevation of the land and by the tides of the gulf, the building up of 
the delta proceeded rapidly. It assumed the nature of a great dam or levee 
stretching across the gulf and diverting the river water through shifting 
channels to one side or the other, first to the lower part leading to the gulf 
and then to the upper end of the depressed area shut off from the tides. 

At certain seasons the tides rise to a great height at the head of the gulf 
and are accompanied by dangerous bores. Such tides rushing up the mouth 
of the Colorado have ever been important factors in the formation of the 

•'■RecoimalHSance of the Colorado I>esert Mining District." Stephen Bowers, 



by Google 



DELTA OF THE COLORADO RIVER 9 

Delta. Ordinary tides rise 15 feet and in extraordinary caaes 37 feet* 
According to the U. S. Geological Survey the tidal range is from 14 to 32 



II. DELTA OF THE COLORADO. 
Up to the year 18S3, and even later, the delta of the Colorado was a 
comparatively unknown land. The wanderings of the river below the mouth 
of the Gila had scarcely been followed and recorded. A few daring adven- 
turers had floated down the stream with the current between the low banks 
overgrown by willows and cottonwoods, but had not returned to tell of their 
adventures or of the nature of the country. There had also been some 
freighting by steam boats from Yuma to the head of the gulf. We now 
realize that the delta has immense value for agriculture and settlement. 

This broad region lies approximately between the parallels 33° and 33° 
N. and the meridian 114° 30' and 11S°. It is partly north of the International 
Boundary Line between the United States and Mexico, and in larger part, 
south of the line. Its area, including the Pattie Basin and the Cocopah 
Mountains, is approximately 6000 square miles. It practically extends from 
the mouth of the Gila River at Yuma westward to the rocky walls of the 
peninsula mountains, and south ti'' the tide water of the gulf, while on the 
north it blends with the depressed area below the sea level, from which the 
ocean has been cut off by the deposits of the stream. The gravelly, sandy 
slopes of the mountains of Sonora, Mexico, form its boundary on the east. 
Its general deltoid form is shown upon the map (Fig. 4, on page 1319), which 
represents the course of the main stream and the principal branches, sloughs 
and channels. The river formerly flowed in a much more direct channel than 
now from the mouth of the Gila southward to the gulf, traces of which 
remain and are shown as a chain of shallow lakes, which fill at high water. 
This old channel lies east of the sandy mesa and connects with two sloughs 
at the head of the gulf — the Santa Clara Slough and the Shipyard Slough. 

The principal channels are the Alamo. New Riv«r, Paredones, Pescadero, 
Abejas and Sanla Clara. Some of these channels are filled with water only 
at times of high water or flood in the Colorado. A continuation of Hardy's 
Colorado and New River, so named from its unexpected appearance flowing 
into the desert in the year J84B, takes its rise in Volcano Lake, at the northern 
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base -of the- Cocopah Mountains and flows northwestward to the depressed 
area, the Salton Sink, north of the boundary line, passing by the towns of 
Mexicali and Calexico. Volcano Lake receives its supply at high water 
from the Hardy overbank flow which collects in the Paredones and Pesca- 
dero channels. 

The delta has a great northwestern extension from Mexicali and Calexico 
on tlie Boundary Line and properly includes the great Cahuilla Valley in San 
Diego County and the Colorado Desert, now partly submerged in Salton Sea, 

The Cocopah Mountains, extending in a northwest and southwest direc- 
tion, rise island-hke In the midst of the lower portion of the delta and divide 
it into two parts south of the International Boundary. There is thus a 
second and approximately parallel valley on the southwestern side of the 
Cocopahs In which there are low and partly submerged lands and saline 
lakes. This last is a comparatively unknown region and has not been sur- 
veyed, but it is properly a part of the Colorado Delta supplied with water 
in .seasons of flood. 

The Lower Deita — Modebn Explorations. 

Our knowledge of the extent and form of the lower pan of the Colorado 
Delta, especially of the region west of the Cocopah Mountains, has of late 
years been greatly increased through the explorations of Messrs. Sykes, 
MacDougal and others. 

Mr. Isaac E. James, Civil Engineer and Surveyor (better known to the 
pioneers of the Comslock Lode in Nevada in the Sixties and to those also of 
Tombstone, Ariz., in 1882,, as "Ike James"), when active operations ceased 
at Tombstone about 1S84, became interested in (he topography of the Lower 
Colorado and gave the writer some manuscript data, from which the follow- 
ing are taken : 

A branch from the main stream of the Colorado enters Lake Chapman 
.(apparently same as Volcano Lake) from which the water flows into th^ 
Wew River or into the Hardy's Colorado. A broad area of land was found 
opposite Montague's Island extending over 20 miles on a dead level 11 feet 
above tide, but at times overflowed. The volcanic cone now known as Cerro 
Prieto, was called Mt. Purdy, and the mouth of New River was reported 
south of il. The water entered by a number of channels and formed a lake 
10 to 15 miles long. When the lake is full, it overflows the 37-foot summit. 
separating the lake from the tide water through the New River. 

Mr. Godfry Sykes, Civil Engineer, pubhshed a map of the Delta of the 
Colorado in 1905 and-agaln in 1906, in connection with the paper on the 
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Delta of the Rio Colorado, contributed hT Dr. ^Daniel Trembly MacDougat to 
the New Botanical Garden. This map j exhibits: t.h? principal streams-and 
channels south otthe International Boundary TJpe, the Cocopah MountainSj 
and the Basin of the Laguna Maquata. 

Messrs. Sykes and MacLean, in the year 1890, pjanned an expedition 
around the world in a small sl£(0P. ■ff<«" the head of the delta, but Iheir boat 
was destroyed by tire on the eastern coast of Lower California and the voyage 
was abandoned. A march of some three huiidred .fniles through' the desert 
region was successfully made, the explorers living on oysters from the gulf 
shorM,and the water from hQt salt springs. 

. The region of the lower delta and the Cocopah Mountains was visited py 
Dr. D. T. MacDougal. and party of the Carnegie Institute, Division of 
Botanical Research, in 1907. Dr. MacDougal writes:* 

"The information obtained by oiir various examinations of the region 
shows that the area to be included in the delta is much more extensive than 
ordinarily supposed. In addition to the alluvial lands near and below Yuma, 
extending to the mouth of the river, the triangular tract subject to overflow 
east of the mouth, including the channel of the Santa Clara Slough and ex- 
tending as far south in Sonora as 31° 45' N., is an integral part of the land 
made by the river. The Sallon Basin, curving around from below the mouth 
of the Hardy up to near the International Boundary, and also the alluvial 
plain on the western shore of the gulf as far south as 31° 15' N., are to be 
included. 

"This plain has not previously been considered as a portion of the Delta, 
but it is made up of river deposits, is traversed by flood channels which 
leave the Hardy, near its junction with the Colorado, and much of the surface 
bears drift brought down from the upper course of the river." 

The Pattie Basin. 

As one of the results of these explorations in 1906-1907, the extended 
region west of the Cocopah Mountains was made better known. In a com- 
munication by Dr. MacDougal to the American Geographical Societyt we 
read: 

"A second depressed basin formerly connected with the gulf, lies to the 
south of the Salton across the International Boundary Line between the 
Cocopah Mountains and the main ranges of the Peninsula of California. But 
little systematic information upon it may be found, although an intermittent 
Salt Lake in it has long been known under the name of 'Laguna Maquata.' ■' 

It is shown by Dr. MacDougal that this basin is an ancient arm of the 
gulf from which it has recently been cut off, and that it now, like the Salton, 
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19 an inteK''aI P^rt d the delta. The lake wilhin it is refilled a.t intervals 
oftener than the Salton, and at times the bottom of the basin is left bare. 
Dr. MacDougal regards it as repeating the history of the Salton as it was a 
few thousand years ago. 

This basin west of the Cocopah range was named the Pattie Basin in 
recogniEJon of the first recorded visit to the place by the Patties, father and 
son, with their party in 1828. 

From the personal narrative of J. O. Pattie, 1905, it appears that this 
party of trappers descended the Colorado from Yuma in an effort to reach 
the Spanish settlements to the southwest, and after struggling with the floods 
and tides at the mouth, they cached their stores of furs and started westward 
from the main channel through the mesquite jungles of the delta and 
crossed over the Cocopah Mountains, probably at some pass in the Sulphur 
Mine Range, the lower central series of ridges, and then traversed the Basin 
by a two days' march to Palomar Canyon, or Agua Caliente, which descends 
from the peninsula range.' They reached the Mission of Santa Catrina 
where they were taken prisoners and sent to San Diego. 

Laguna Maouata. 

This sheet of water in the Pattie Basin holds a relation to it similar to 
thai of the Salton Sea to CahuiUa Valley. Its extent is variable. The winter 
floods of I90S-1908 filled it to a high level. Ordinarily the accumulated 
water forms a lake about forty miles in length and twenty in width, extending 
from the Cocopah Mountains on the east to the base of the main range on 
the west. It is known to the Indians as Laguna Maquata, and to the Mexi- 
cans, as Laguna Salada. 

Of this lake and the adjoining Cocopah Mountains, C. R. Orcutt writes ;* 

"Just south of the United Slates boundary line, a barren range of rugged 
hills extends southward, toward the Gulf of California; this is the Cocopah 
Range in which valuable mineral deposits are known to exist. The most 
northern of the range is distinguished by the name of Signal Mountain, from 
the top of which the Cocopah Indian lighted his signal fires. 

"To the west of Signal Mountain there lies the bed of an almost mythical 
lake — the Laguna Maquata, whose waters are invariably described on the 
Mexican maps as muy salada (very salt). Very little reliable information 
concerning this region is obtainable. In 1884 the Laguna is known to have 
been a very respectable body of water from the outflow of the Colorado in 
that year, which was divided between the New River and the Laguna Maquata 
district. Thousands of fish are said to have sported in its depth, many of the 

'"The C 
fornta, - 



by Google 



DELTA OF THE COLORADO RIVER 13 

fish exceeding two feet in length. In February, 1890, this extensive lagoon 
was as dry as the surrounding country with only a small pool of brackish or 
salt water at its point of lowest depression connected with other small pools 
lo the southward by muddy and unapproachable sloughs. Along the banks 
of this defunct lake were numerous remains of the unfortunate fish — all that 
the hungry coyote had spared." 

Immense quantities of fish bones were observed along the beaches of 
Maquata by Dr. MacDougal and his party in February, 1907. Near the 
upper edge of the bank of salty mud was a windrow of remains of fish which 
appeared to be carp, according to an examination by Herbert Brown, of the 
party. This row of dead fish was seen to extend for about fifteen miles, 
and may have been double that length.* 

Mention of heaps of fish is also made in the Diary of Father Garcest 
who made five trips into this region 1774-1776. He wrote : 

"Thus I perceive that at the time of the great risings of the river, the 
water can very well overflow this valley or strand that there is between the 
two sierras of the Santa Barbara (Cocopah Mountains) and of San Geronimo 
(the main range south and west of the Cocopah Mountains) as far as the 
place where the first expedition (of 1774) found stranded that heap of tish of 
which is made mention in the diary." 

The Diary has not been accessible, but this last paragraph indicates that a 
passage had been made through the Pattie Basin, when the water in the 
Laguna was at a low stage, and that remains of fish similar to those men- 
tioned above, were found. 

It is to be noted that the unfamiliarity of the editor of Garces' Diary with 
the features of the lower delta, has led him to persistently deny the correct- 
ness of the position given by the Spanish pioneer. Garces' route may be 
traced with ease on the map to a point as far south as Antelope Slough, 
where, finding only bare flats and no drinkable water, he turned north. 

The Tbails Westward. 

Dr. MacDougal, in his memoir on "The Desert Basins of the Colorado 
Delta,"t further observes: 

''The Cocopah Indians who have inhabited the lower part of the delta 
about the mouth of the Hardy for some time, singularly enough, hold the 
closest communication and intermarry with the tribes inhabiting the moun- 
tains lo the westward of the basin. Two main trails are used. One crosses 
the Cocopah Mountains in the vicinity of the Borrego Peak, going up from the 
delta through a long canyon heading toward the southwest. Agua de las 
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Palmas is the first watering place, and this spring is reputed to be oamed 
from the group of palms which surround it, probably the only plants of this 
kind in the whole range, although Barrows mistakenly ascribes to them a wide 
distribution in this region (National Geog. Magazine, 11, 347, 1000). The 
main ridge is crossed' thrt»%h^ a. low pass, and then the way leads through 
granite, volcanic and clay ridges, to where among the bad lands a seepage in 
a sand wash,, known as Agu^ de las Mujeres. furnishes a small but unfailing 
supply. From lie re a blind trail leads, straight as may he, due west across 
the valley to the mouth of the Palomar Canyon, up which, at a distance of 
about three miles;' rhnning water and the grateful shade of groves of palms 
may be encountered. This has long been a favorite camp and meeting place 
of Ihe Indians, and. one of the attractions of the place is the agave, growing 
on the slopes, from which mescal is baked and brewed. 

"The trail from Agua de las Mujeres to Palomar Canyon passes to the 
south of the Laguna Maquata and makes a distance of about thirty miles 
across a desert plain." 

Value of Delta Lands for Acricultiire. 

The alluvions of the Colorado wherever deposited are known to be 
extremely fertile and valuable for agriculture. The delta has thus attracted 
great attention and is now being rapidly reclaimed for agriculture and settle- 
ment. It is resiched by the main line of the Southern Pacific Railway and by 
a branch from it at Imperial Junction (Old Beach) to Imperial and Calexico. 

The Coachella Valley (North Imperial) is now attracting the attention of 
settlers. The village and postoifice is on the railway between Mecca and 
Indio. This name according to James,* is a corruption, or a modified form, 
of the Spanish word. He writes: 

"This is the world-famed Coachella Valley, yet the name is a misnomer. 
!t was originally Conchilla, and is so named on the maps of the United States 
Geographical Survey. Conchilla means little shells and the name was given 
in early days from the fact thai the whole valley of the Salton from the 
Mexican line as far north as Indio is covered with tiny fresh water shells." 

Climate. 
The climate is one of great heat, low humidity, long summers, and very 
sudden and large changes. Moderate winds blow most of the time in hot 
weather and these, together with the unusually low humidity, materially 
temper the eifect ot the high temperatures. With but few exceptions 
throughout the year, the nights are comfortably cool, the small amount of 
moisture in the atmosphere resulting in rapid heating of the air at sunrise 
and cooling oif at sunset. 
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In the spring and early summer winds from the- west and south ,qftai 
attain high velocity for from one to a maximum of four days. ' They'iiire 
rarely severe enough to do other damage than become disagre^aW^dUst 

The United States Weather Bureau has had meteorologi ear observations 
made in Yuma, Ariz,, and Indio, Cal., for many years, in Imperial since 1901, 
and in Calexico and in ,Brawley for a portion of this latter period. On a 
few occasions lemperatures of 1SS° have been reached, but the average 
yearly maximum is between 115° and 130°. The winters are mild and ex- 
ceptionally fine, the minimum temperature rarely falling below the freezing 
point and with an absolute minimiim temperature of about 18°, 

Precipitation is very small and varies greatly from year to year as in all 
other extremely arid countries. The average annual rainfall' at Yuma and at 
Indio is a little less than three inches and probably about the same amount' 
in the Imperial Valley, although the records for the past six years at Imperial 
indicate a larger amount. 

With such a climate the absolute necessity of irrigation for agriculture 
is obvious, and until the desert was reclaimed no human beings could live 
therein, and very few had the hardihood to even traverse it. 

Wozencraft's Project of Reclamation. 

In the year 1853-1859 Dr. O. M. Wozenerafl of San Francisco, aroused by 
the report of the fertility of the soil of the desert and the possibility of 
irrigating the land 'by canals from the Colorado River, endeavored to enlist 
capital in a scheme for the reclamation of the Colorado Desert. 

Wozencraft was probably the first to fully appreciate the importance of 
the delta lands of the Colorado to agriculture and settlement. He was so 
much impressed by the description of the ancient lake and the evidences of ■ 
the fertility of its deposits wherever water could be applied, that he devoted 
himself to the advancement of a project for their reclamation. Stimulated by 
his enthusiasm the Legislature of California, in 1859, adopted a memorial to 
Congress asking a cession of 3,000,000 acres of the desert land in the south- 
eastern part of California, to the State of California, for reclamation by 
irrigation. This application was favorably acted upon by the Committee in 
the House of Representatives in 1863, but the bill reported failed to pass. 

Mr. Grunsky* says: 

'It is of interest, however, in connection with this application for acces- 
sion of land, to learn from the testimony of Dr. Wozencraft, that the lands 
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of the Colorado Desert were to be recUimed by irrigation; and that his 
engineer, Mr. Ebenezer Hadley, County Surveyor of San Diego County, in 
reporting on Ihis project, recommended a canal location which was practically 
identical with that actually adopted 40 years later. 

"Mr. Hadley said, among other things, that irrigation was practicable, 
as water from the Colorado flows there now. He stated that he had found 
by actual survey, that there was a fall of 9 feet per mile available along the 
proposed canal route. He called attention to the necessity of carrying water 
through Mexican Territory. He proposed a canal 25 feet wide and 10 feet 
deep, which was to tap the river at the point of rocks adjoining Pilot Knob 
and immediately above the International Boundary line." 

At various times proposals have been made to fill the Salton Sea with 
water from the Colorado River or from the gulf with the view to fundament- 
ally changing climatic conditions, particularly increasing the rainfall through- 
.out the territory. In particular. Dr. J. P. Widney, an army surgeon, pub- 
lished some articles in the Overland Monthly urging the flooding of this sea, 
the lirst of these contributions appearing in 1873. None of these proposals 
were given very serious consideration. 

Later Irrigation Suggestions. 

In the years 1875 and 1876 an examination was made under the direction 
of Lieut. George M. Wheeler to determine the feasibility of taking water from 
the Colorado River anywhere between the Grand Canyon and the Inter- 
national Boundary Line for the irrigation of lands in California. Lieut. Eric 
Bergland had immediate charge of this work and presented an adverse 
report, staling that a canal from some point below the International Bouridar 
Line would be less expensive and more practicable in every way. He sug- 
gested the possibility of utilizing one of the branches of the New River 
. (doubtless what is now called the Alamo) from where it leaves the Colorado 
near Algodones, for conveying water to the Imperial Valley proper. In order 
to avoid the sandhills he thought the canal should be as far south as Seven 
Wells in Mexico and then bear toward the northwest. He considered the 
amount of excavation required to construct such canal as moderate since "the 
water flows into this area from the river when it overflows its banks." 

Almost at the same time a partnership was formed between Mr. Thomas 
BIythe, a capitalist of San Francisco, and General Guillermo Andrade for the 
irrigation of the latter gentleman's immense land holdings in Lower California. 
This partnership did not have any delinite result other than to involve the 
title of Gen. Andrade's estate to a certain portion of the land in later years.. 
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III. LAKE CAHUILLA. 
Origin of Lake. 
The' head of the gulf being cut off by the Delta from the free access 
to the sea, became an inland lake of salt water, or at least of brackish water, 
with, the great Colorado River at certain seasons and stages of flood flowing 
into it. This stream then, as now, was laden with the rich alluvial earths of 
its upper course, torn from the ravines and canyons of the Rocky Mountains 
and the Grand Canyon of Arizona. This intlux of river water, though variable 
in duration and quantity, must have exceeded the loss by evaporation. Con- 
sequently the level of the lake was raised until the excess overflowed to the 
gulf by a lower outlet. 

Antiquity. 
That such conditions continued for centuries appears certain, for the 
enormous accumulations of sediment within the old beach lines tells the 
story of long continued lacustrine conditions; of the displacement of the sea 
water, and of the final occupation of the valley by fresh water. This is 
shown to us by the fresh-water shells, not only on the surface but in the blue 
clay sediments ; in the banks of ravines and arroyos, and in the deep borings , 
for water — showing that the shells dropped to [he bottom and were thus 
entombed. These fresh-water shells are so abundant in the lacustrine clay 
of the desert, especially at the northern end, that they accumulate in windrows 
before the wind. The thin pearly shells of anodonta are common in the clay 
about Indio. Four or five species of uni-valves. new to science, were col- 
lected in 185a. 

The long continued existence of such a lake is shown, not only by the 
fossil shells, but by the ancient shore lines and beaches as fresh as if recently 
left by retiring waters. These are especially vivid and convincing north of 
the Delta, where they are visible for miles. 

At an outlying mass of rocks at the base of the main ridges of the 
Peninsula or San Jacinto Mountains, a deposit of travertine marks the 
former height of the water by a thick incrustation, covering the granite 
boulders from view. The foundation rock must have been a small islet of 
granite projecting above the waves of Lake Cahuilla. It is now known as 
Travertine Point and its base was nearly reached by the rising waters of the 
Salton Sea in 1907. 

Identification and Descripiion. 
The former lake, the shores of which are recorded on the rocks and 
slopes of the Cahuilla Valley north of the Delta had an area of approximately 
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3100 miles. It was no miles lon^ and about 34 miles wide. It was first 
identified and described by me in 18S3, in a communication to the San 
Francisco Commercial Advertiier, edited by J. D. Whelpley, in the winter of 
1653-54, and later in the "Reports of Exploration and Surveys for a Railroad 
Route from the Mississippi River to the Pacific Ocean," vol. V., and in the 
appended report, "Geological Reconnoissance in California," 1855.* Its 
boundaries were then approximately shown and its origin explained. I have 
named it La CahuUla from the name of the valley and of the Indian tribe. 

The Desebt Revisited. 

By the courteous invitation of Dr, MacDougal, I had the pleasure of 
revisiting this place in the month of May, 190S. Crossing the valley from 
Mecca, on the Southern Pacific Railway, we visited the then rising Salton 
Sea, skirting it to Travertine Point which I again ascended half a century 
after its discovery and description in 1853. The old water-lines and beaches 
were comparatively unchanged in appearance. Concentric lines of sparse 
vegetation marked where the waters had stood centuries before. Looking out 
from the summit across the Salton Sea it was difficult to realize that the 
old traveled trail across the desert lay ten fathoms deep under water, 
where before not a drop could be found. 

The name "Salton Sea" is appropriately applied to the recent inflow 
and partial inundation of the valley covering the salt beds at Salton, but 
the ancient lake in its entirety requires a distinctive name. If any precedent 
is needed for naming an ancient lake which has disappeared, it is found in 
the naming of the old lake in Utah by Clarence King as Lake Bonneville. 
Lahontan is another example. The Great Salt Lake of Utah is the residual 
lake of Lake Bonneville much as the Salton Sea is the residual lake of Lake 
Cahuilla. Lake CahuiUa occupied the northwestern end of the basin of the 
California Gulf— that portion cut off from the sea by- the delta- deposits. 

The northwestern part" oT tfte valley is -also- -known as the Cabezon or 
Cahuilla Valley, so named from the Cahuilla Indians who have inhabited 
the oases and tillable fringes of the desert from time immemorial. There is 
a difference of opinion regarding the proper orthography of this name. It 
is ably discussed by Dr. David Prescott Barrows in "The Ethno — Botany of 
the Cahuilla Indians of Southern California."t He writes : 

"A word should be said as to the pronunciation and spelling of the tribal 

name, Coahuilla. The word is Indian, and the tribesmen own designation for 

■This apiiended report was republlatied aa "Report of a Geological ReconnalB- 

sance In California," by W. P. Blake, H. BallUere, New York ana London, 1868. 

t Dissertation for degree of Ph. D., University of Chicago Press, 190*. 
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themselves and means 'master* or 'ruling people' There is some slight varia- 
tion in its pronunciation, but the most usual is- probably, Kow-wee-yah, accent 
on the second syllable. The spelling has been various. That used by the 
early writers and correct according to the value accorded to "U" in Spanish- 
American, is that adopted here — Coa-hui-lla." 

The writer, in the year 1853, when passing through "Ka-wee-yah" or 
the Four Creek Country in California, with Lieut. Williamson, in the en- 
deavor to conform phonetically to the Indian name wrote it "Cohuilla," and 
sometimes "Cahuilla." This last form seems to have been more generally 
accepted and is preferred to Cohuilla, Coahuilla, or any other. 

Desiccation of Lake Cahuilla. 

With our present knowledge of the delta deposits of the Colorado, the 
varying phases of the stream, the lightness and depth of its deposits of silt, 
its quicksands, its shifting channels and uncontrollable ways, it is easy to 
realize that the inflow to Lake Cahuilla must have been extremely variable 
and uncertain. We can realize that under favorable conditions the whole 
volume of the Colorado may have been diverted alternately to the Lake and 
to the gulf, and that long intervals of drought accompanied by drying up 
were often experienced. 

Writing upon the subject in 1853, attention was directed by the writer* 
to the traditions of the Cahuilla Indians as follows : 

"The explanation of the formation of the lake and its disappearance by 
evaporation which has been presented, agrees with the traditions of the 
Indians. Their statement that the waters retired poco-a-poco (little by little) 
is connected with the gradual subsidence due to evaporation, and the sudden 
floods of which they speak, undoubtedly took place. It is probable that the 
lake was long subject to great floods produced either by overflows of the 
river at seasons of freshets, or by a change in its channel, or by a great 
freshet combined with a very high tide, so that the river became, as it were, 
dammed up and raised to an unusual height. The present overflows, though 
comparatively slight, are probably similar, and yet it is possible that the 
interior of the desert might be deluged at the present day, provided no eleva- 
tion of the land has taken place and that the river should remain at a great 
height for a long time — long enough to cause the excavation of a deep channel 
for New River." 

Salton Sea. 

This is precisely what has recently happened by the cutting of irriga- 
tion canals, and by the uncontrolled flow of the Colorado River, deep and 
destructive channels were cut, a partial flooding of the desert followed, and 
•Report "OooloBlcal ReconnalMance In Calitornla," Govt. Print, 18BS, p. !88, 
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the "Salton Sea" was formed. The body of water which so reeentiy threat- 
ened the restoration of the former lake conditions in the month of February, 
1907, had attained a length of 4S miles, a maximum breadth of IT miles and 
a total area of 410 square miles with a maximum depth of 83 feet. It 
extended from Imperial Junction nearly to Mecca Station. It submerged 
railway stations and necessitated the removal of the tracks of the Southern 
Pacific for 67 miles to a higher and more northern bed. By the great and 
masterful exertions of the engineers in charge, seconded and supported by 
the Southern Pacific Railroad, the destroying deluge was stopped in the 
mouth of February, 1907, and the gradual disappearance of the Salton Sea, 
by evaporation, commenced and is now in progress. In this we have im- 
mediately before us a practical exhibition of what must have happened many 
times before. . 

Evidently in the case of the ancient Lake Cahuilla, with the loss of the 
supply of water from, the Colorado, the lake disappeared by evaporation. 
The conditions for this were extremely favorable. Of the rate of evapora- 
tion and the time required for the complete desiccation of the valley, we 
have no direct evidence, but there is every reason to accept the statement of 
the Indians that the water retired little by little, or very slowly, and no 
doubt years passed before the lake dried up. 

Rate of Evapcwaijon. 

Experiments by me upon the rate of evaporation in the Tulare Valley, 
California, in 1853, indicated one-quarter of an inch per day, or between 
scTen and eight feet yearly.* Dr. Buist found that the amailnt of evapora- 
tion from the surface of the water at Aden, on the Indian Ocean, was about 
eight feet per annum. At the rate of eight feet yearly, the 83 feet of water 
now covering the desert, and known as the Salton Sea, will require ten and 
a half years for its complete evaporation. 

It is estimated by Mr. H, T, Cory, the engineer in charge of rediversion 
of the Colorado River in 1906-7, that, if the inflow of the Colorado to the 
Salton is prevented, the sea will practically dry up by evaporation in about 
eighteen years. 

The recession of the Salton Sea now in progress affords an excellent 

opportunity for the determination of the rate of evaporation of such a body 

of water, and it is being availed of by the U. S. Geological Survey, which 

has estabhshed stations where the rate is being carefully observed. 

■Eeporl "GeoloBlcsl ReconnaiEsance CBllfornta." o. IM, and Trans. Geo. 
Society, vol. IX, p. 39. tS49-50. See also, Trans, National Institute, Washington. 
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From measurements of the evaporation from a tank at Calexico by 
Mr. J, E. Peck, of the California Development Company, the annual evapora- 
tion was shown to be about 6.73 feet, as will be seen by the following tabular 

Evaporation From a Water Surface at Calexico. 



Month 

January 

February 6. 

March 

June 

July 

September 8 

October 

November 

December 

Total 



32 1 


47 


2 


86 4 


44 


5 


55 4 


74 


5 


91 8 


38 


6 


89 12 


86 


7 


47 10 


43 


. 6 


98 8 
61 7 


52 

83 


8 
6 


78 6 


77 


5 


40 3 


33 


3 


48 3 


43 


2 



IV. COLORADO DESERT, 
Depressed Area. 

The drying up of Lake Cahuilla left a broad region at the head of the 
gulf, a depressed area below the sea-level, a trackless waste of nearly level 
land extending, including the Delta, for some aoo miles northwesterly beyond 
the present limits of tide-water in latitude 31° 30' N. approximately 80 miles 
south of the mouth of the Gila River at Yuma on the Colorado, The limits 
of this desiccated area are approximately marked indelibly on the ground 
by the shore-lines and beaches of Lake Cahuilla, extending on both sides of 
the valley from near Yuma to Indio and beyond. 

The name "Colorado Desert" was given to this region by the writer in 
1853. 

This was before the State of Colorado received its name. It was 
deemed most appropriate to connect t 
the region inasmuch as the desert t 
deposition of alluvions and the displacement of the sea-water. 

A tendency is shown by some writers to extend the area known as 
the Colorado Desert so as to include the arid regions north of it, especially 



of the Colorado River with 
origin to the river by the 
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the mountainous region along the Colorado and the Mojave, partly known 
today as the "Mojave Desert." This was not the intention or wish of the 
author of the name. It was intended to apply it strictly to the typical 
desert area of the lacustrine clays and alluvial deposits of the Colorado 
where extreme characteristic desert conditions prevail, such as arid treeless 
plains, old lake beds and sand hills — such conditions as are found in the 
Sahara of Africa and in the delta regions of the Nile. The appellation may 
properly be confined to the regions reached by the deposition of the silt of 
the Colorado whether in the form of deltas or at the bottom of ancient 
lakes. 1 should also include the bordering detrial slopes from the contig:uous 
mountains. So restricted, the area is practically coterminous with the ancient 
beach-lines and terraces of the lakes which occupied the valley. 

Its area is estimated at not less than 2100 square miles, its breadth east 
and west opposite Carrizo Creek about 33 miles. Its height above tide 
ranges from 135 feet above sea-level at Yuma to an average of 42 feet 
following the old shore line of Cahuilla Lake, and to minus 2S7 feet, now 
partly submerged. 

Fertiuty of the Desert Soils. 
The Colorado River, like the Nile, is a great fertilizer of the land 
which it overflows. Its alluvions are easy of tillage and are wonderfully 
productive. The Vuma Indians, after the subsidence of a flood, And the land 
ready for the seed. Walking over the newly deposited silt, a hole is made 
in it by the great toe into which the seed-corn is dropped and then covered 
with the ball of the foot. The corn sprouts and grows with great rapidity. 
The annual deposition of silt is constantly raising the level of the banks 
and increasing the tillable area. This process has been going on since the 
elevation of the land above the sea and the foundations of the delta were 
laid. It is difficult lo satisfactorily compute the quantity of silt brought 
down by the river and added to its delta every year. The Arizona Experi- 
ment Station found that the lower Colorado carries 35,000-aere feet of silt 
annually. In the year 1904 the amount of sill in the river water varied 
from 84 to 3263 parts in 100,000 parts by weight. An acre-foot of the 
water contained an average of 9.62 tons of silt. According to Tait :' 

"It is assumed that one-half of the silt in the water in the river is held 
in suspension until the water reaches Imperial Valley lands. A field to which 
3-aere feet of water is applied receives 14.43 tons of silt." 

■••Irrigation In ImperlHl Valley," C. E. T»lt. Sen. Doc. Z46, 80th Cong., -lat 
Beaa., Wastilnston. 1B08, p. 8. 
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The same authority gives for the mean annual rate of discharge of the 
river 13,300 cubic feet per sepond, and the mean total discharge 9,651,000- 
acre feet. This silt has an acknowledged money value as a fertilizer of not 
less than $1,11 per acre foot. 

The fertilizing sediments from the annual overflow of the Nile, which 
stream has much in common with the Colorado, are estimated at six inches 
of depth in a century. It is thought that the bed of the river rises four feet 
in 1000 years. It is said that seven feet in depth of mud has accumulated 
around the pedestal of the statue of Colossus, who lived H30 years before 
Christ. The French estimated the deposit of Nile Mud, from Essonan to 
Cairo, at five inches per century. The column of Rameses II. is surrounded 
by a sediment fl feet 4 inches deep, fairly estimated. This monument was 
erected 3215 years before, which gives a rate of S'/i inches per century. But 
there are similar deposits below the depth of 30 feet, which, at the same rate 
of deposition, would require 13,500 years to A. D. 1854.* 

Adaptation to Agriculture. 

Attention was early directed to the adaptation of the desert soil to 
agriculture, as shown in the official report to the War Department in 1855.t 

"The upper or gravelly plains of the desert, especially those in the 
vicinity of the mouth of the Gila, are loo arid and wanting in soil to be ever 
used for agriculture. But this is not so with a large part of the desert — the 
part formed by alluvial and lacustrine clay. The whole of this clay surface 
may be considered as capable of supporting a luxuriant growth of vegetation 
provided it is supplied with water by irrigation, 

"The Cahuilla Indians in the northwestern part of the desert raise abun- 
dant crops of com, barley and vegetables in the vicinity of the springs at 
their villages. We also observed a dam at the Cahuilla villages on the 
northern margin of the desert where we stopped over night. The ground was 
principally clay, which by drying in the sun, had become very hard, but on 
being cut and pulverized by the passing of the train, became dry and dusty 
like dry ashes. On cutting down into it for about twelve inches it was found 
to be more sandy and micaceous. It appeared to be a rich soil for wherever 
water reached the surface the vegetation was abundant, and a large area near 
the mountains was covered with a dense growth of weeds, the ground being 

"The vegetation around the springs was luxuriant, and wherever the soil 
was moistened it supported either a growth of grass or of rank weeds. The 
Indians had their houses in the thickly growing mesquite trees around the 

•Compiled from Draper's "History of Intellectual Development of Europe." 
Harper. New York, ia7«, vol. I. p. 87. 

■iKeport "Geological Reeonnalasance Calitomla," Blake, and vol. V, "Paclflc 
Railway Reports," pp. 2<S-24». 
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a wide area near the 

Sample of Ihe soil taken for analysis showed the presence of all the 
elements necessary to fertility. It is added: 

"From the preceding facts it becomes evident that the alluvial soil of 
the desert is capable of sustaining a vigorous vegetation. The only apparent 
reason for its sterility is the absence of water, for wherever it is kept moist 
vegetation springs up." 

"If a supply of water could be obtained for irrigation, it is probable that 
the greater pari of the desert could be made to yield crops of almost any kind. 
During the seasons' of high water, or of ihe overflow of the Colorado, there 
would be little difficulty in irrigating large areas in the vicinity of New River 
and the Lagoons." 

"By deepening the channel of New River, or cutting a canal so low that 
the water of the Colorado mould enter at all seasons of the year, a constant 
supply could be furnished to the interior portion of the desert. It is indeed a 
serious question whether a canal would not cause the overflow of a vast surface 
and refill, to a certain extent, the dry valley of the Ancient Lake. This is 
possible and would result provided no change of level has taken place since 
the water dried up" (pp. 249-2S0). 

This prophetic suggestion has been more than realized after the lapse 
of half a century. 

VEGETAtiON OF THE Desert. 
The principal plants which arrest the attention of tlie traveler and 
ordinary observers on the Colorado Desert and are found in the oases, or 
near a subterranean water supply, or at the desert margins, of in the beds of 
arroyos, are the mesquite (Prosopis glandulosa), the tournil or screw-bean 
(Strombocarpa pubescens), the palo verde (Parkinsonia torreyana), the 
"Creosote bush" (Corvilla tridentata), and the California Palm (Neo- 
Washingtonia fihfera). The salt weeds (Salicornia) are also common. 

The study of the origin and distribution of the flora of the region has 
been undertaken by Director MacDougal and the staff of the Carnegie 
Desert Laboratory located at Tucson. In Dr. MacDougal's description of 
Ihe desert basins of the Colorado," he writes: 

"The Cahuilla Valley, as part of the Colorado Desert, bears a char- 
acteristic xerophilous vegetation. Along the clay strata, in an upper level, 
bands and groves of the California palm {Neo-washingtonia Htifera) form 
characteristic oases of striking aspect. At other places around the springs 
which are generally alkaline, mesquite (Prosopis) salt grass (DislicMit 
spicato) the rare rush (Janctis Coopen) which here is to be found in great 
tufts, Cyperus and Scirpus olneyi occur in abundance, 

, __. „..li map by 

Mr. Goratrey Sykes, Bui. Amer. Ge~~ "— — ■' "" -- • ""'^ ■'"• 



by Google 



COLORADO DESERT 25 

"The salt bushes {Atriplex canescens and A. Polycarpa) grow on 
saUne areas; but in places where the loam bears more than 3% of alkali, 
but little is to be found besides AUenrolda and Sueda, and these are generally 
in the shallow drain age- ways, from the soil of which some of the salts have 
been leached. 

"Parosela spinosa, one of the most striking of all desert shrubs, is to 
be found on the margins and in the beds of the dry streamways well up on 
the sides of the basins, and also Gacrtncria, with its burr-like fruits. Ephedra, 
Parkinsonia torreyano and P. microphylla, Foaquieria splendens, Olneya 
tesloa, and Yucca Mohavensis, are also here in abundance, while the creosote 
bush, shows its characteristic wide range of adaptability to a great variety 
of soils. 

"It is to be- seen that most of these plants are of the halophytic, or of 
spinose types, while but few plants capable of water storage are present. 
Among these is an Echinocactus — Opunlia Bigelovii, O. Basilarii, and O. 
Echinocarpa. 

"The rainfall of the region does not exceed three inches annually, and 
very high temperatures are reported for various point', within the basin." 

"In addition to the slow movement of the jungle vegetation seaward 
with the southern extension of the central portion of the alluvial lands, other 
major movements of great sweep have t.iken place. The depressed basins, 
once a part of the gulf, have been occupied ' various types of xerophytic 
and halophytic vegetation, by encroachment from I'lt contiguous desert, and 
by the aid of the inflowing river floods from great distances, and many 
opportunities have been offered for the origin and adaptation of new species, 
either by direct response or by the chance .saltation — which might bring a 



Palms of the Desert. 
; fertility of the soils of the desert was well shown by the 
beautiful oasis at the Hot Springs, now known as Palm Springs, near 
Indio. The writer there found in IKsa and recorded the growth of a palm 
and rushes with mesquite and willow bushes. Mr. S. B. Parrish, in his 
"Contributions Toward a Knowledge of the Genus Washingtonia,"* refers 
to this mention as one of the earliest notices of the occurrence of palms on 
the desert. In regard to the distribution of this genus of palms, he writes 
further (p. 426) : 

"The distribution seems to have been determined by the boundaries of 

the great lake which, in the not very distant past, occupied the central 

depression of the Colorado Desert. We may reasonably suppose the shores 

of this ancient lake to have been enlivened here and there with groves of 

•"Botanical Gazette," vol. 44, Univ. ot Chicago PreaB, Dec, 1907, pp. 408-434, 
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Stately palms. A few venerable trees still linger near the upper shore-line 
of this vanished sea, gaunt and ready to perish, and without offspring to 
succeed them, but the most have retired to the canyons of the surrounding 
mountains. Here they find congenial homes along the few and feeble 
streams, by some scanty spring or narrow oasis moistened by alkaline per- 
colations. The necessity of soil moisture is the governing factor in their 
distribution. 

"The nKist extensive groves occupy a tract of strongly alkaline soil 
along the foothills some ten miles north of Indio and extending up some of 
the neighboring washes. The finest grove occupies for a mile or more the 
narrow Palm Canyon on the opposite side of the desert at the base of the 
San Jacinto Mountains. Hundreds of fine trees fill the sandy bed of the 
stream, or cling to the r'lcky bases of the steep sides. The older trees are 
still vigorous, and iheri' are abundant younger ones of all sizes. It is con- 
venient of access frcm ibe httle village of Palm Springs. 

"Most of the canyons at the desert bases of San Jacinto contain palms. 
A few grow in the canyon of the Whitewater, which is the western limit of 
the species. The Southern outpost is probably at Carrizo Creek; a few trees 
at Corn Springs mark its northern limit, and none are known to exist east 
of Frinks Station.'' 

Palms were, 'I'.i.-r, noted by Dr. MacPnugal further south in tlie 
canyons of the Co ;■■ i .\' 'intains, and Father Con-.;ig' in his account of 
the survey of the J (i p. ,Jlf reports finding palm trees washed down 

by floods in the bed oi a Ir : •!. .ear San Estanislao. 



V. GEOLOGY AND MINERALS. 

Mountains. 
The mountain ranges which figuratively frame the valleys rise, wall- 
like, on both sides of the Cahuilla Valley and the desert. Those on the 
west are the most abrupt and rugged and form a complete separation be- 
tween the delta region and the Pacific Ocean. These are the San Jacinto 
ranges of the peninsula mountains. San Jacinto, the highest peak, stands 
at the south end and on the south side of the San Gorgonio Pass, which 
separates it from the massive ridges of San Bernardino. Both of these 
mountains rise to an altitude of over 11,500 feet above the sea. The white 
snow-covered summit of San Bernardino is a conspicuous object for a 
large part of the year from the decks of vessels sailing along the coast. 
San Jacinto does not attract so much precipitation, but is a very sharp and 
picturesque peak, 

y at California." 
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Geologically, these mountains are essentially crystalline and granitic. 
The peninsula ranges north of the boundary line consist chiefly of granite 
and syenitic rocks in which there is an unusual amount of mineral known 
as schorl or black tourmaline. Gneiss and micaceous schists are largely 
developed and are sharply upraised and plicated, forming extremely rough 
and jagged croppings, especially on the sides bounding the desert where there 
is but little soil. Owing to the desiccation of the wind from the sea, the 
jcanty precipitation is in sufficient for mountain streams of much volume. 
The few brooks or rivulets of the higher ridges in their descent to the valley 
in the rainy season are quickly absorbed or dissipated by evaporation on 
reaching the lower slopes. 

On the seaward side of the mountain range the conditions are very 
different, and many small and fertile valleys are found. 

Amongst these, Warner's, so named for the pioneer settler, Don Juan 
Warner ("Juan Largo"), a tall New Englander from Lyme, Conn., was a 
great haven of rest in the early days for those who survived the terrors of 
the desert in the 90-mile journey from Yuma to Carrizo Creek without 

Gems. 
These granite ridges from San Jacinto, southward through San Diego 
County, have become generally noted for the superb gems taken from 
many places, more particularly for red, green and pink colored tourmaline, 
obtained by patient mining. The rocks generally may be said to be char- 
acterized by the abundance of the ordinary black tourmaline or schorl. 
Amongst the other gem -stones, the rare form of the spodumene, a lithia 
mineral known as kunzite, is obtained here in beautiful purple or violet- 
colored crystals. Garnets and beryls are also obtained in these mountains. 
The beryls are sometimes colorless and almost as brilliant as diamonds, and 
are often tinted a pale rose pink, greatly enhancing their beauty. 

The mountains on the north of the great Cahuilla Valley are also 
granitic and form a series of sharp ridges in constant sequence, separated by 
gravelly slopes and valleys, for a great distance up the valley of the 
Colorado. Some outcrops have been worked for gold in the mountain ridges 
a few miles north of Indio and also at Carza Muchacha, near Yuma. 

The geology south of the International boundary is but little known. 
At the Sierra Giganta, between Muleje and Loreto, there are precipitous 
cliffs of red sandstone. 
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VULCANISM. 

The evidences of vulcanism are many and impressive in the lower 
delta region of the Colorado, and on the Sonora side of the head of the 
Gulf, where numerous craters exist and are dominated by the extinct vol- 
canoes Itnown as Pinacate, This mountain rises in a volcanic center of 
great extent only about S5 miles from the shores of the gulf. It has heen 
recently visited by Dr. MacDougal of the Carnegie Institution, in company 
with Engineer Sykes, Messrs. Hornady of the Zoological Park, New York, 
and Mr. Phillips of Pittsburg, Pa. They found extensive pit-craters with 
precipitous sides and a broad region covered with lava. 

Northward from the Pinacate region, volcanic outflows continue as 
far as Mohawk on the railroad in Arizona on the north side of the Inter- 
national Boundary Line. 

In close proximity to the deposits of the Colorado Delta we find the 
craters and outflows of the Cerro Prieto or Black Butte on the flanks of 
the Cocopah Mountains. The chief crater is in the mountain 750 feet high 
and is flanked by smaller craters all now extinct but giving evidence of com- 
paratively recent activity. Mud volcanoes, or salses, occur there from 
which hot water and steam are escaping. 

At the time of the great earthquake in San Francisco, April 13, 1906, 
there was an earthquake in the Imperial region of the delta, which suggests 
the probable continuation of a fault-plane passing along the great interior 
valley of California and southward, through the valley of the Gulf. 

Mud VoicANOES. 

In the year 1853, Major Heintzelman, U. S. A., then commanding at 
Yuma, was surprised to see clouds of steam arising from the southwest por- 
tion of the desert. Visiting the place he found a great eruption of hot 
water and mud, with jets of steam, issuing from conical hillocks of mud. 
Masses of dark colored mud were thrown to a height of 40 feet. These 
salses were later visited and described by Dr. John L. Le Conte,* and by 
Dr. Veatch.t An excellent graphic description was given by Dr. David P. 
Barrows in 1900.J He correctly observes : 

"The volcanoes are doubtless immediately due to the infiltration of 
water from the Colorado overflow down to the heated beds of rock not far 
beneath. Converted into steam, these waters burst violently upward through 
the deposits of silt, and around their orifices throw up encircling walls of 

•"American Journal of Science and Arts," (II) XIX, May, 1SE5. 

tlbld, (11) XXVI, 18B8. 

fNatlonal Geoeraphlc Magazine." Sept., 19O0, vol. XI, No. 9, p, 3S7. 
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Similar outbursts have been seen lUM far from the line of railroad 
opposite the Salton Salt Deposit, but -aw now covered by water. 

Dr. MacDougal* described the volcanic phenometm as follows : 

"Hot springs and other manifestations of volcanic energy are to be 
found alL along the geological axis on the eastern side of the Peninsula of 
Baia California, but the most pronounced feature of this character is to be 
found well out in the delta, near Volcano Lake. Here, on a saline plain a 
tew miles in extent, innumerable small mud cones, solfataras and boiling 
pools of mud and water, emit Steam, smoke, and sulphurous gases, accom- 
panied by a dull rumbling sotmd. ' ' 

"According to the) traditions of the Cocopah Indians, a member of the 
tribe accused of sorcery, or other serious crime, was sent back to his evil 
master by the simple process of dropping him into a pool of boiling mud;— an 
obvious entrance to his abode below." 

Uplift and Tilting. 
The occurrence of beds of oysters and other marine shells and marine 
fossils over the region as already mentioned shows that there has been a 
considerable uplift of the whole region as well as a change from marine to 
fresh water conditions. Since the dessication of the basin there has oc- 
curred a slight tilling for the old beach line has not the same elevation 
throughout. On the southeastern stretch near HoltviUe its elevation is about 
58 feet; on the northeast near Salton 49; on the northwest near Travertine 
Point 39; on the southwest near the International Boundary line 38. 

Artesian Wells. 
The possibility of obtaining water in the desert by boring artesian 
wells was pointed out in 1853. The ■■geologic structure was shown to be 
possible. The clay deposits of Cahuilla Lake were described as resting upon 
Tertiary strata, which in turn rested upon granite rocks substantially as 
indicated in a diagramatic section given in the ''Geological Reconnoissance 
of California." 

Shallow wells reaching to the water Cable are easily and cheaply sunk 
within a region of several miles on either side of the river. To the west 
however, the underground water slope is greater than that of the land and 
ordinary wells are soon impracticable. Deep wells have been sunk in the 
Yuba Basin and at El Centro, Brawley and Holtville in the Imperial Valley 
proper but the deepest of them— 1076 feet — encounter no formation except the 
silt material of which the valley is formed with a shale and sort of cemented 
Sand overlaying the water gravel. Only at HoltviJle and in that vicinity has 

■■■The Delta ot the Rio Colorado," Bui, Ainer. Oeog. Soc, p. 10, 1SQ7.,h- 
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flowing water been encountered, and that small in amount, at depths of from 
300 to 1,000 feet, quite mineral though drinkable in quality, and with a 
temperature of about 100° Fahr. 

At the northwestern end of the basin there are relatively shallow arte- 
sian wells the occurrence of which is explained by the diagramatic section 
already referred to as published in 1839. Such flowing wells are now numer- 
ous at Mecca and its vicinity, and add immensely to the value of the region 
for gardening and agriculture. Approximately $300,000 is invested in over 
350 wells and pumping plants for the irrigation of about 0,000 acres in this 
part of the Colorado Desert, known as the Coachella Valley, and this 
acreage can doubtless be safely increased from 50 to 100 per cent or more 
without overtaxing the water supply. 

Salt Deposit. 

The accumulation of salt in the lower part of the desert was well 
known to the CahuiUa Indians, who resorted to it for salt for an unknown 
period. Being a little off the trail or road then travelled from Yuma to 
the settlements in California, it was not often visited or seen by the early 
explorers, who, after the long journey of 90 miles without water, pressed 
forward without delay to the shades and springs of potable water on the 
seaward slope of the mountains at Warner's Ranch. 

Emory, 1848, mentions the salt lake as three quarters of a mile long 
and half a mile wide, and that the water had receded to a foot in depth. 

The salt bed was not conspicuous in 1853, at the time of Williamson's 
Survey. Its precise position was not ascertained. It was said that it was 
sometimes flooded with water, which was supposed to have reached it from 
the overflow of the Colorado, through the channel of New River.* Evidently 
this occasional submergence and dessication must have caused a great differ- 
ence of appearance at diffwent times, the depression when dry being sheeted 
with salt, and when flooded appearing as a shallow lake of briny water. 

This t>ed of salt, when not flooded, was extensively exploited by the 
New Liverpool Salt Company, shipments were made from the Salton Station 
on the railway for many years, until the last overflow, which for a time at 
least has destroyed the industry. 

In 1892 the lake was described as a salty marsh connected by a branch 
railway with the main track of the Southern Pacific road. At the end of 
this track, some 1S,000 feet west of the railway, a well was bored by the 
Company to a depth of 300 feet. The top material largely consisted of black 



■Report "Geological Reconna 



Of California.- p. S)5. 
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mud resting on a crust of salt, a mixture of the chloride of sodium and 
chloride of magnesium, seven inches thick. On passing through this crust 
the drill dropped through 22 feet of black ooze containing water over 50% 
sodium and magnesium salts, fine sand, iron oxide and clay. It rested on 
hard clay, through which the drill passed for the remaining distance, 277 feet, 
varied, only by two or three streaks of cement.* 

The inflow of water from the Colorado River in 1891, is described as 
follows : 

"In the month of June, 1891, a steady flow of water entered the 
depression (of the salt lake) from the southeast and continued to the north- 
west uninterruptedly until an area 30 miles long and averaging 10 miles in 
width, was covered to a depth of 6 feet, measured at the end of the Salton 
Salt Works' branch track. When first examined the water showed a density 
of 70° Beaume, which gradually increased to 35° Beaume." 

This influx of salt water gave rise to the idea that the water of the 
Gulf had penetrated through some underground channel, but no such channel 
could be found. It was fancied that the soft, briny ooie might extend under 
the crust beyond the marsh even to the Gulf and so obtain the supply of 
salt water enriched by passing into and through the ooze. The water, how- 
ever, entered the basin through the New and Alamo River channels which 
led from the lower delta region overflowed by the untisually severe Colorado 
River flood exactly as occurred again in 1905 and 1906. 

ASPHALTUM AND PETROI^UM. 

In the year 1907, according to the report of Dr. Stephen Bowers to the 
State Mineralogist of California, the Recorder's Office at San Diego showed 
that more than 450,000 acres of land had been located for petroleum in the 
Colorado Desert mining district, in San Diego County. Expectations were 
great and many borings were made, but it does not since appear that any 
petroleum has been developed there. 

Asphaltum was reported in 1891 by Dr. Bowers from the Fish Creek 
District, southwest from the Mezquite Co.'s wells. Asphaltum occurs thrte 
and at Superstition Mountain. Dr. Bowers also reports nearly pure asphaltum 
from Section 7, Township 11 South, Range 10 East, San Bernardino Base and 
Meridian, and at several points in the same township.t 
Sulphur. 

Deposits of sulphur in the Cocopah Mountains have been worked In a 

desultory, intermittent way for many years. Common report assigns a con- 

•"Report State Mlneraloslsl ol CaUfomla." XI, 1892, p. SS8. 
t "Reconnaissance of the Colorado Desert Mining bistrlct," by Stephen 
Bowers, Ph. D., Sacramento. Slate Print, 1901. p. IT. 
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siderable quantity to the locality on the west side of Volcano Lake, but no 
reliable descriptions are at hand. It is about twenty miles south of the 
boundary. 

Sodium Casbomate. 
Carbonate of soda occurs in quantity on the shore of the Gulf at Adair 
Bay, but has not been developed. The quality as shown by samples submitted 
at the University of Arizona, is excellent and the crude material could no 
doubt be advantageously shipped to United States ports were it not for the 
import duties. 

Gold-bearing quartz veins are found in the mountains north of the 
desert. One was worked at Carzo Muchacha, and the ore was milled at Pilot 
Knob for several years. 

Sand Sculpture. 

Amongst the many interesting phenomena of the desert, none perhaps, 
is more surprising than the effect of wind driven sand. To those who look 
they may be seen anywhere. Loose blocks of rocks, pebbles, or rock out- 
cropping in the path of the sand-grains, and even the hard surface of the 
lacustrine clay, are smoothed and polished. But the irresistible cutting is 
best exhibited on the hardest objects, such, for instance, as masses of petrified 
wood where some of the former woody layers are less hard than others. 
These softer parts of the stone are more readily cut away by the sand than 
the denser layers and a sort of dissection results with the hardest parts left 
in relief and the softer parts hollowed out. It is similarly so in the case of 
any stratified pebble, as perhaps of limestone with a layer of flint, the lime- 
stone is cut away leaving the flint in bold relief. 

Under the long continued driving action of the coast wind pouring 
through the railway pass, a flow of sand is constantly passing across the low 
spur of San Jacinto Mountain cutting the solid granite into a furrowed surface 
as if by some mighty force pressing down upon it and moving slowly along, 
glacier like. But on the contrary the effect does not depend upon pressure; 
it is the function of each little grain bounding along, to scratch its invisible 
groove until, in the aggregate, the mountain ridge is cut and smoothed down. 
Here, again, the apparent selective action of the grains is shown, for the 
minerals of the granite are dissected, cut in the order of their hardness, 
feldspar yielding sooner and more than the crystals, and the crystal more than 
the garnets. 

The traveler in the observation car of the Southern Pacific may note, as 
the train descends the bed of the Whitewater from the summit of the San 
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Gorgonio Pass to the desert, that the telegraph poles are fortified at their base 
by piles of stones. This is to restrict the action of the sand which soon cuts 
down the poles if they are left nnprotected. 

The sand itself does not escape wear and cutting. The grains lose 
their sharpness and became rounded and spherical, or are worn into dusL 

The colored pebbles glittering in the sunlight, on the upper plains or 
terraces of the desert-slopes, receive the polish of their vamish-like surfaces 
from the wind driven dust. The broad pebble-covered plains or slopes of the 
mountains bordering the desert, looking as if paved artificially with round 
pebbles, owe their origin, largely, to the removal of the sand around and 
under them by the wind. Being so undernrined, the pebbles settle down till 
a continuous mosaic-like surface is formed which resists the further action of 
the wind. 

Concretions. 

Among the varied phenomena of the desert, none are so little understood 
as the concretions which weather out from some of the clay strata, and 
present many peculiar round and cylindrical forms simulating cakes, breakfast 
rolls, dumb-bells, and the like. These are often ascribed to the cutting by 
drifting or wind driven sand, but are really due to chemical action of solu- 
tions by which the particles of clay are drawn together and cemented in 
geometric forms around some central object or core. 

It is an interesting fact, first noticed by the laEe General Thomas when 

stationed at Yuma, that many of the hard, rounded and polished pebbles are 

filled with silicified fossils. Their parent source was probably in the Canyon 

of the Colorado. 

Analogous Conditions Elsewhere. i 

Red Sea. 

We hnd conditions analogous to those of the Gulf of California in the 
Old World. The Jled Sea, for example, also occupies a great trough or valley 
about 1200 miles long, extending northwesterly and southwesterly over nearly 
twenty degrees of latitude, from approximately 12° to 32°, from the Indian 
Ocean nearly to the Mediterranean. 

Il appears to have been cut off from a former connection with the 
Mediterranean by the deposits which form the Isthmus of Suez. 

The Gulf of Suez, at the north end of the Red Sea, extends N. N. W. 
for 170 miles, with an average width of 30 miles. Its shores may be regarded 
as a portion of the Isthmus reclaimed from the sea; the former limits of the 
ocean waters can be traced for several miles inland. 
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In each of these great continental longitudinal valleys great graphic 
changes have resulted from deposits of silt-laden rivers. 

The Red Sea has been shortened by the deposits from the Nile, and the 
Red Sea of California by the deposits from the Colorado. 

Indui Delia. 

The phenomena of the Colorado Delta, especially changes of channels, 
find a close counterpart in those of the Indus Delta. This river, rising in 
central Asia in the mountains of northern India at the northeastern extension 
of the Himalayas, flows south and westerly' and empties into the Arabian Sea 
about 3S° north latitude. It there forms a delta 10,000 square miles in area 
with a coast line of 135 miles. It exhibits a net work of abandoned channels 
and "lost rivers," calamitous in their drying up, reducing thousands of square 
miles of a once fertile and inhabited country to waste and solitude. Channels 
once filled with flowing water are often forsaken. The flow often shifts sud- 
denly and many dry channels are left. Great changes in the source of the 
river took place in the last century. The length of the main channel abandoned 
was not less than 100 miles. There is evidence that shiftings of the river bed 
have been going on through all ages. 

An inland sea once covered the Rann of Kachh (or Cutch) and the 
region is sometimes flooded during the season of the southwest monsoons. 

The rate of advance of the shore line of the delta is rapid. It is stated 
that in ten years the advance of the banks at the river mouth is 3 1/3 
geographical miles, or 1/3 of a mile yearly. It is estimated that the river 
brings down 317 millions of cubic yards annually. 

Persian Gulf. 

Changes very similar to the displacement of the waters of the Gulf of 
California by the Colorado Delta have been in progress in other parts of the 
world, notably at the head of the Persian Gulf, which, within a comparatively 
recent period, extended 230 miles further to the northwest than the mouth of 
the combined stream of the Tigris and Euphrates. 

San Joaquin Valley. 

In the interior valley of Upper California, which :s topographically an 
extension of the great trough of the gulf, there are also analogous conditions 
of deha and lacustrine deposits. In the valley of the Tulares there are broad 
regions of level lacustrine clays where evidently there were formerly broad 
lakes of fresh water, represented today by the chains of shallow residual lakes 
from the Buena Vista, to the Kern and the Tulare. These lakes, ever varying 
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in their extent according to the water supply, owe their origin as separate 
sheets of water to the diversion of the San Joaquin River by its own detrital 
deposits from a southern and land-locked, to a more northern outlet leading 
to the sea. The deltii deposits of this river, by extending into and across this 
interior valley divided it into two parts near its center so that the floods of the 
San Joaquin w/hich once svjelled the volume of the Tulares were finally with- 
drawn into the Bay of San Francisco and the sea al the Golden Gate. 

All such river and lake deposits, both of the Old World and the New, 
are remarkable for their fertility and capacity for sustaining large popula- 
tions. From this point of view the value of the Delta of the Colorado can 
scarcely be estimated. It fully justifies the great cost of its reclamation and 
control of the water supply for the benefit of this and future generations. 
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PART II. 



SOME SCIENTIFIC FACTS OF GENERAL INTEREST 
ABOUT THE SALTON SEA 

ABSTRACTS BY H. T. CORY 



Under the direction of Dr. D. T. MacDougal, of the Carnegie Desert 
Laboratory at Tucson, Ariz., tlie Carnegie Institution of Washington, D. C, 
has recently (1914) issued a volume as its Publication 193, "The Geography, 
Geology, Floristics and Ecology of a Desert Basin — A Study of the Salton 
Sea," being a collection of quite technically scientific monographs by a number 
of scientific experts in various lines. The abstracts of two of these which 
are of general interest have been prepared by the author and are given 
herewith. 
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r. THE CHEMICAL COMPOSITION OF THE WATER OF SALTON 
SEA AND ITS ANNUAL VARIATION IN' CONCENTRATION. 

BY DB. W. U. BOSS 

PsEUMiNAKY Analyses. 

A preliminary examination of samples taken at intervak from different 
points in the Sea showed the water was saltiest in the shallow regions 
overlying saline flats and least salty at the surface of the deep parts of the 
lake, June ID, 1908, when the maximum depth was 60 feet, a sample taken 
lyi miles from the shore near Mecca contained 4016 parts of total solids 
per million ; another from about 100 feet from shore, 6974 parts, while a 
third collected within a few feet of the shore near Travertine Point where the 
water was shallow and covered a saline deposit contained 11,528 parts. 

A few months later, October 11, 1906, a marked increase in uniformity 
had taken place. A sample taken from shallow water near the shore con- 
tained 3033 parts of solids and another from a half mile out yielded 3596 

During the first ten days in February, 1907, when the lake had reached 
its maximum volume, a number of samples from different points on the lake 
and at different depths showed very litlle differences in total solids and 
chlorine content, the minimum and maximum total solids being 3818 and 
3418 on the surface, while the absolute maximum was 3520 found at a depth 
of 60 feet about 1^ miles off shore from Salton where the water was 84 
feet deep. The corresponding figures for chlorine were 2380, 2500 and 2590 
respectively. One sample, taken a few miles from the mouths of the New 
and Alamo rivers through which only a short time before flowed fresh 
water from the Colorado River, was exceptionally less salty, having only 
2S88 parts solids and 1850 parts chlorine, but this was of course to be ex- 
pected. The fact that the greatest concentration was found near the bottom 
at a depth of 60 feet would indicate that leaching of salts from the take bed 
was still taking place. 

Thereafter samples were taken June 3, 1907, and each year following, 
from a point 4 miles southwesterly from Mecca Landing in approximately 
the same location. 

Methods of Analysis. 

The methods used were those best suited for determining the concen- 
tration of the various constituents and known by extensive use to give 
accurate results. All determinations were carried out in quadruple and when 
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it was thought necessary blank determinations were made of the reagents 

Yearly Increase of Total Ginstituents. 
In order to make comparisons from year to year correction must be 
made because samples were not collected at exactly the same date each year. 
To bring the results as of June 3rd of each year it was assumed that the 
daily evaporation during the last week in May and the first two weeks in 
June is 15^ limes as great as the average daily evaporation for the whole 
year. 
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The great increase during the first year period is doubtless because the 
water had not yet reached a state of equilibrium with respect to the solids in 
the bottom of the lake. The "total solids," which includes in addition to the 
"total constituents" as given in the table, the water of occlusion and hydration, 
were 10,025,6 parts per million on June 18, 1913, so that the water at that 
time was almost exactly 1 per cent brine. 

From the cgmpleted yearly analyses 
of the principal constituents with respect 
almost the same proportion as the total 

place, however, particularly calcium, potassium and carbonate i( 
potassium, carbon dioxide, as also the bicarbonate radicle, sho; 
less concentration in 1913 than in 1912, The ratio of potassium to sodium 
has decreased from 1 to 48.3 in 1607 to 1 to 94 in 1913. This decrease is 
probably due to a slow reaction of the potassium contained Jn the wat^r 
with minerals on the bottom of the lake. 

Variation in Concentration of the-I;ar«'AT Different Points in 1911. 
Estimating from the Vate at whi<!h the volume of water is decreasing 
•and the amount of salt in the lake "at the end of each year period,' Mr-. E. E, 
Free, of the Arizona Agricultural Experiment Station at Tucson; ■ Ahay ^las 



. found that the c 
water increased each year in 
ituents. Some variation took 
■th,e total 
actually 
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shown that the increase in salt content of the lake is greater than can be 
ascribed to evaporation alone, and that the lotal amount of salt in solation 
is increasing instead of remaining constant or decreasing as might have been 
expected from deposition of salt on the shores as the water recedes. In 
order to determine if continued leachjngs of salts from the lake bottom is 
an important factor in this connection, analyses were made of a number of 
samples taken in 1911 from the surface and from the bottom of the lake at 
different points and on the same day as the regular sample was taken. It 
was shown by these examinations that the lake is now remarkably uniform 
In composition. In very shallow places near the shore the salinity of the 
water was slightly excessive, doubtless due to washing back recent depositions 
by occasional local rains, but samples taken from the bottom of the lake at 
a point, as near as could be determined, where the old salt beds were, had a 
salt content agreeing almost exactly with that of the other samples from the 
main body of the lake. From this it appears improbable that any appreciable 
leaching is now taking place and that the salt beds have disappeared. Con- 
sequently any increase in the total salt content which may be occurring must 
be due principally to incoming waters. 

Composition of the Salts Leached Out From the Bottom of the 
Saltan Sea. 
Since the present water in the Salton Sea comes from the Colorado 
River, the excess of its constituents, expressed in parts per million over that 
brought in by the river water must represent the composition of the salts 
leached out from the lake bottom. By means of relative values showing 
the variation in the discharge and the analyses made by Prof. R. H. Forbes 
and W. W. Skinner throughout the year, January 10, 1900 to January 2*, 
1901,* of composites of samples collected almost daily from the Colorado 
River at Yuma, the mean composition of the river water in a year may he 
■readily calculated. In this way the composition of the salts, leached out 
from the bottom of the Salton Sea was calculated from the excess of the 
constituents of Ihfe lake water over that of^lie wafer from which thi; lake was 
formed. The samples taken June 3. Wii7, Showed that about 90 |ier cent 
of the salt (sodium chloride) in the lake water had been taken up from the 
lake bottom, about 42 per cent of the calcium, Tl.per.jCent of the magnesium, 
and 66 per cent of the sulphate radicle. 

If it is assumed that all the salts deposited by the evaporation of the 
original lake were again taken up by the present lake then the conyituents 
of the original lake were as shown irt column C of Table IT.,. 

'Bui. No. 44 Arizona Agricultural Experiment Station, 1902. ___ 
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CoMPAKisoN Between the Compositiok of the Water of thy Salton Sea 
AND Othes Natural Waters. 
Table II gives the composition of Saltoti Sea water and that of several 
other salt water bodies. In order that the table may make readily apparent 
the variation in the composition of the different waters, the constituents are 
expressed in percentages of the total constituents. At the bottom the con- 
centration in total constituents of each water, designated as "Salinity," is 
given in parts per million and in percentages of the water. 
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A. Salton Sea, according to Analysis of 190T. 

B. " ■■ ■ IBIS. 

C. Original .Balton Sea. Supposed composition as calculated from the excess of 
the constituents of the present lake in 190T over that found for the Colorado 
River. 

D. Colorado River at Yuma. Arizona. Mean of seven analyses, made at Inter- 
vals of about two months, of composites of samples collected almoit dally 
between January 10, 1900, and January 24, 1901. Analyses by R. H. Forbes 
and W. W. Skinner, Bull. Ariz. A«ri. Bipt. Sta. No. 44 (1902). 

Ei. Caspian Sea. Mean of Hve analyses by C. Schmidt, Bull. Acad. St. Peters- 
burg, 24, 1T7 (1878). 

F. Ocean Water, Mean of 77 analyses by W. Dittmar. H. M. S. Chailenxer, 
Fhyalcs and Chemlatry. Vol, 1. p, 203 (1884). 

O. Great Salt Lake. Analyses by J. E. TalmaKe, Science. 14. 44G (1899). 

H. Dead Sea. Analysis by F. A. (3enth, Ann., 110. 240 (1SG9). 

If the assumption is correct that the salts leached out from the bottom 
of the Salton Sea represents approximately the composition of the original 
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lake then this must have resembled in a striking way the composition of the 
water of Great Salt Lake. 

The salts taken up by the SalCon Sea likewise resemble in a general 
way the composition of the salts in the ocean. The higher sodium, the 
lower potassium and bromine, and the probable absence, or low proportion, 
of carbonates in the former are the principal points of difference. The 
concentration, however, of the former lake which deposited the salts (aken 
up by the present lake was no doubt much different from that of the ocean 
for at its maximum volume the total salinity of the present lake waSjonly 
about one-ninth that of sea water. Consequently if it be assumed that the 'salts 
taken up by Salton Sea originally came from the evaporation of the sea 
water without loss from being covered up with silt, then the volume of 
water which could have evaporated must have been much smaller than the 
present lake. 

There is strong geological evidence on the other hand that a former 
lake existed in Salton Basin much larger than the present lake. It might be 
assumed that this original lake was once in contact with the ocean, and' that 
the greater part, but not all, of the salts were buried beyond reach of the 
present water In the lake. If this were the case then it would be expected 
that the salts taken up by the water would have a similar composition to 
the salts found in bittern waters, or at least would be decidedly different 
from the ocean type of salts originally deposited. 

Since no such difference is noted it seems safe to conclude that the salts 
which have been taken up by the Salton Sea are not of ocean origin but 
have a similar source with the salts In Great Salt L^ke; and that if the 
Salton Basin were at some former time Iille3^ with sea water all salts con- 
tained therein and deposited when the water evaporated, must have been 
completely buried beyond the action of the present water of the lake. 
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II. GEOGRAPHICAL FEATURES OF THE CAHUILLA BASIN. 



Geherai. Deschiption. 

As now defined, the Colorado Desert may be considered to include the 
area between the Coast Range on the west and southwest; the Colorado 
River on the east ; the San Bernardino and Chuckawalla Mountains on the 
north; and to merge, without any very definite limits, into the eastern 
bajadas of the peninsula mountains to the south — some 8,000 square miles 
in all. 

Topographically the Colorado Desert is divided into two main and 
parallel basin areas which merge at their southeastern extremities in the 
alluvial plains o( the delta o( the Colorado and are separated elsewhere by 
the Cocopah Range of mountains. 

The Fattie Basin, which is the smaller and most southerly of the two, 
lies almost wholly within the Republic of Mexico. It has not as yet been 
fully examined or described, but we know that its central and lowest portion 
is occupied by a fluctuating lake or lagoon, fed by overflow from the lower 
Colorado, and it is probable that the bottom of this depression ts many feet 
below sea level. 

The basin to the north and northeast of the Cocopahs, which constitutes 
the main portion of the Colorado Desert, and to which the name Cahuilla 
Valley was given by Professor Blake, has the general form of an acute- 
angled scalene triangle, the apex of the triangle being at the summit of the 
San Gorgonio Pass, between the San Bernardino and San Jacinto Mountains. 
The extreme length of this triangle is about 185 miles and its width at the 
base about 75 miles. The floor of the base is roughly spoon-shaped, gradually 
dropping from its southeastern end for a distance of about 140 miles, until 
it has attained a depth of 265 feet below sea level, and then rising with 
increasing rapidity until at the summit of the San Gorgonio Pass it has 
risen to an elevation of some 2,500 feet above. An area of sandhills and 
gravel mesas toward the northeast and a piedmont district which lies 
between the Superstition Mountains and the main escarpment of the 
peninsula range, complete the area under consideration, 
Eably Maps and Explobaiion. 

Our real knowledge of the Colorado Desert extends back but few years 
and is still, in many important respects, far from complete, but we know 
the Spaniards approached the region, if they did not actually penetrate it, 
within a few years after the discovery of the New World. 
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The first expedition to explore the head of the Gulf of California and 
circumjacent region was the one sent out in I54D by Don 
Antonio de Mendoza, the Viceroy of Mexico, under the leadership of Fran- 
cisco Vasquei Coronado. 



CoronellfB Map of Notth America (1688) in Library ol American 
(^ographicat Society in New York City. 

Pedro de Alar^on journeyed up to the mouth of the Colorado River 
by sea, and examined some parts of the Delta, and later in the year Coronado 
sent Melchoir Diaz, with a small party, overland from Corazones to co- 
operate with him. Diaz reached the river, but (ailing to meet Alar^on, he 
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crossed it on rafts, and was afterwards accidentally kilted while on the 
west side. He has, however, left an account, as recorded by Castenada,* 
of reaching a land of "hot ashes and volcanic rumblings," which no doubt 
refers to the mud volcanoes near Volcano Lake. i 

Castillo, the pilot of Alargon's squadron, made a chart of the head 
of the gulf, which appears to have been first published by Lorenzana in 
Mexico in ITTOt and is doubtless the earliest authentic map we have of 
the region. Castillo's interest, however, was chiefly that of the mariner, and 
he made little attempt to portray inland features. 




The knowledge gained by this expedition was evidently the inspiration 
for the charts of all the early cartographers such as Joannes Cimerlinus,! 
Plancius,6 Mercalor,|| Wytftietl Wytfliet's map shows the area of sand 
and mud banks at the head of the gulf and is by far the best and most 
interesting of these early charts. Whoever his authorities may have been, 
they clearly had some first-hand knowledge of the country. 

•"The Journey of Coronado," Castafieda de Nagera, translation by Geo. 
Parker Wlnshlp, Barnes. New York, 1901. 

fLorenzana y Bui Iron. Hlstorla de Nueva EspaBtt. 1770," In BrlliBh 
Museum. 

^British Museum, Maps, 70 d. 1. 1566. 

IBrltish Museum, Maps, 920 (279), 1590. 

IIA cony of Mercator'B Map of 1569 la to be found In the llbrair of the 
American Geographical Society of New Yorli. It la Included In Jomord'B Atlas, 
and shows the influence of CastlUo'a work very plainly. 

IBritish Museum. Maps, 71, C. 7. 1B98. Another eicellently preserved copy 
of this map is In the library of the American Geographical Society, New Tori. 
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The western river, which figures so prominently in nearly all of these 
early maps, although it appears merely as an estuary or entrance to a lagoon 
in Castillo's own chart, is clearly meant for the Hardy, and it is not at all 
improbable that in the days of these early navigators and cartographers the 
Hardy, the Colorado, and the comparatively insignificant channel which is 
now known as the Santa Clara Slou|^, may all have entered the gulf by 
separate estuaries, and each carried a running stream. Indeed there is some 
reason for surmising that this latter channel may at that time have con- 
stituted the main mouth of the river. 

Spanish interest in these distant and inhospitable lands began to wane 
after this early attempt at their exploration, and it was not until the 
memorable journey of Father Kino in 1703 that any real addition was made 
to our itnowledge of the region. Two other maps of that general period are 
interesting in that they both show all of California as an island.* Kino's 
map, which is carefully drawn and fairly accurate, was published in various 
forms some years later,t and shows two mouths to the Colorado, but as 
his detail to the west of the river is obviously less complete than it is else- 
where, this omission of the estuary shown by Castillo may be regarded as 
inconclusive. 

Father Fernando Consag was contemporary with Father Kino, and a 
very interesting manuscript map showing the results of his work in the 
gulf exists in the British Museum.! His exploration was carried on by 
boat and extended some distance up the Colorado. Penciled range marks 
upon the original map indicate that his chief observational station was upon 
the south end of Angel Island, and his survey was mainly a marine and coastal 

At some time subsequent to the journeys of Fathers Kino and Consag, 
some other explorer or explorers must have penetrated the region, and the 
result of this work is to be seen embodied in the remarkable map of John 
Rocque.§. This map is unique in several respects. The unusual accuracy 
of its detail over most of North America; the evidence that the cartographer 
must have had at his disposal very complete sources of information in 
regard to the Southwest ; but chiefly, as far as the scope of this paper is 

•One by Coronelll (168S). copy of which ia In the library ot the American 
Geographical Society In New York City, and another by De Fer (1720), which 
places Alargon's gulf with Ita associated rivers at about the center ot the strait 
which Beparates CallfornlB from the mainland. 

tA New Map of North America, by Euaeblus Francis Kino, I*ondon, 1786. 
British Museum, 639, 15 (31). 

JAdd. MS8.. 17680 C. 

IBrltlBh Museum, K. IIB. 32. A divided copy of this same map also exists In 
the library of the American Geograplilcal Society, New York. 
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concerned, from the fact that it clearly shows the combined streams of the 
Colorado and the Gila flowing into a lake, and having no connection with 
the gulf. 

The nomenclature throughout the region shows knowledge of the work 
of Kino, but this very radical feature in the topography is clearly due to 
the work of some explorer of whose work we as yet know nothing more. 

A fairly comprehensive search for and examination of the early maps 
of the southwest has been made in the hope of finding some conclusive 
evidence of former fillings of the Salton Basin within historic times, and 
this map al least seems to indicate that such a diversion of the river water 
towards the west has been known to travelers at some time between 1706 
and 1760. With this clue it is probable that further search may result in 
giving us positive information upon the subject. A common tradition 
amongst the Indians of the region points to the fact that such a filling of 
the basin has taken place within comparatively recent times, in which the 
water extended "from mountain to mountain." 

Father Pedro Font traveled in and explored the region in 1776, and 
doubtless crossed the Colorado Desert at least twice, and also reached the 
shore of the gulf on the west side of the river. His map shows a large 
irregular opening still further to the west than his own approach to the 
gulf, and here again we may have the western opening of the early explorers, 
or another interpretation of the Lake of Roeque.* Father Font was the 
last of the Spanish explorers to add anything to our knowledge of the delta 
or desert, and his work was followed by a virtual blank of over fifty years. 
Modern Exploration, 

James O. Pattie was the first of more recent explorers to reach the 
head of the gulf. He, with his party of trappers, journeyed down the lower 
Colorado to tidewater in January, 1828, and during February of the same 
year they crossed the basin beyond, on their way to the Spanish settlement 
at San Diego.t 

Lieutenant Emory marched across the basin in the latter part of 1848, 
and seems to have reached the shore of the Salton Lake.t 

Major Heintileman, Commandant at Yuma, visited the mud volcanoes 
near Volcano Lake in 1852, and these were afterwards visited by John Le 
Conte,S and others. 

•An cKcellent reproduction of Foot's map Is to be found In the "Diary and 
Itinerary of Francisco Qarcea." by Elliott CoiK^a, F, P. Harper. New York. 1900. 

f'The Personal Narrative of James O. Pattie." of Kentucky. Edited by 
Timothy Flint. Cincinnati. 1833. „ , .^ . .„ 

INotes of a 'TaiHtary Reconnaisaance from Fort Leavenworth In Missouri to 
San Diego in California," by W, H. Emory. Govt. Print. Waahineton, 1848. 

5"American Journal ot Science and Arts," vol. XIX, May. 1855. 
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The Pattie Basik Babkieb. 
The extensive alluvial region which forms the barrier between the 
gulf and the Pattie Basin is in reality a continuation, past the partial 
obstruction offered by Ihe Cucopah -Mountains and sundry small isolated 
hilts, of the main, delta slope until it has met and become incorporated with 
the shore of- the peninsula. In general -character the country is low and 
flat, cut into by numerous tidal channels £rom the gulf side, and subject to 
much tidal and river overflow. It is probably but few feet above sea level 
at any point, but as no detailed surveys or observations have as yet been 
made in this region, our knowledge of it is far from complete, 

THE CAHUILLA VALLEY. 
The Salton Sink. 

The total area of the Cahuilla Valley is about 8,000 square miles, and 
out of this total ^n area of approximately S,S0O square miles lies below sea 
level and doubtless still represents with fair accuracy the former limits of 
the upper extremity of the gulf. This depressed portion of the valley, floor 
is nearly surrounded, at a slightly higher level, by a conspicuous ancient 
shore line; and as thus inclosed and defined is generally known as the Salton 
Sink. Its total length is about 100 miles and its greatest width 35 miles. 
It is roughly elliptical in form, with its major axis extending from .33° 35' 
N. and 115* 20' W. to 32° 45' N. and 118° 15* W. There is a break in the 
inclosing shore or beach line of about 14 miles at the southeast end of 
the ellipse, and this space has been the entrant point for an immense 
of sedimentary material, which has almost covered the floor of the a 
gulf. A rough computation, based upon the assumption that this a 
gulf floor was approximately level, gives the contents of this prism at about 
17 cubic miles, this volume representing the amount of solid matter deposited 
by the Colorado within the area since its isolation from the sea, and there- 
fore further indicating the quantity of river water which must have flowed 
into and been evaporated from the inclosed ^asin, since such isolation wafi 
accomplished. 

The Ancient Shore Line. 

The tides in the head of the Gulf of California rise to a great height 

and are at times very violent,* and this energetic tidal action has been 

■The tide tables of the U. S. Coaat and Geodetic Survey give the rates of 
range between the entrance to the Colorado River and the port of reference. San 
PJess, :as 6.85. The extreme tidal range In San Diego Is about 8.B0 feet, so that 
under exceptional conditions a ttdal range of 8.60x5.66, or over 50 feet, may 
easily be exceeded at the mouth of the river. This tallies with the wrlter-H-ojpp 
obgervatlona, a range of over 15 feet having been measured upon more than one 
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mainly instrumental in building up along the surrounding shore line strongly 
marked beach ridges, raised in exposed situations to heights of 20 or 30 
feet above mean sea level. 

The extent and character of the beach terraces surrounding the Salton 
Sink at once suggest their common origin with the above — the same great 
tidal action. With the exception of the opening mentioned above, the beach 
line around the sink is nearly complete, generally conspicuous and discerni- 
ble from a great distance, and about 235 miles in total length. 

It should be borne in mind, however, that all this beach material must 
have been subjected to much washing and rearrangement by lacustrine wave 
action since the cutting off of the basin from the sea, and it has probably 
been literally rolled and pushed up the shore slope in the exposed situations 
in which this action has been most vigorous and as the progressive building 
up of the delta dam has raised the spillway toward its present height above 
sea level, the iparine shore line in its original location has thus been 
obliterated. The prevailing winds in the Cahuilla Valley are from the west, 
and we may therefore find that a great deal of the observed difference of 
level in the shore line has been due to this same wave action, inasmuch as 
there is a general discrepancy of about IS feet between the two sides "Of 
the sink, the northeastern, the more exposed one, being higher than the 
southwestern one, which has been sheltered under the lee of the mountains. 
The shore line has been regular and unbroken along the northeast side of 
the former lake, but upon the southwestern one it has come against the 
mountain walls in several places, and has in general been much more 
irregular and diversified, the Superstition and other mountain masses having 
thrust forward as bold promontories. One small group of islets has existed 
about midway along the northeastern side of the lake, and about 6 miles off 
shore when the water was at the highest level. This is the small hill ridge 
to the northeast af' D i iimid ''S ti> ttwi-.oH-tha-.»ain.li iif ., fA- 4i f . , gQUthern Pacific 
Railroad. It still bears unmistakable signs of having been subjected to the 
heavy assaults of surf for some considerable period. 

Recent History. 
A good deal of water still passes through both the Alamo and the 
New River, but this is merely the overflow from the irrigation canals, and 
it is quite improbable that with the interests now at stake in the Imperial 
Valley and the close watch kept upon the river by the engineers, any further 
uncontrolled incursion of water will be allowed to take place. 
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In the region of the lower delta, however, conditions are very different. 
Here we have a larse, wayward and silt-laden river, thrown out of balance 
by a temporary diversion, and always hampered at its mouth by great and 
violent tides, wandering at present virtually unchecked over a large area of 
friable alluvium with downward grades in several directions. 

All these conditions tend, as may be readily imagined, toward a condi- 
tion of instability and possible geographical change. In fact, it is probable 
that even if the Colorado and the general drainage conditions through the 
Alamo and its associated channels had not been interfered with in any way 
by the operations of the irrigation engineers, another diversion of the river 
water towards the west was about due from the natural causes outlined above, 
and would in any case have ensued within a few years. 

It is furthermore evident that as so much of the flow of the river 
during the growing season of the early spring is now diverted and utilized 
for agricultural purposes, and as the bed of the river in its lower reaches is 
left practically dry during the period of most rapid growth of the delta 
vegetation, its obstruction and elevation will be more rapid and the stability 
of the irrigation and protective works menaced more and more unless adequate 
measures are taken for controlling and sorting the flood waters of the early 
summer upon the upper Colorado. 
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The Colorado River Water Shed. 

Extent. 

The water shed drained by the Colorado River is a triangle with its 
apex near the Yellowstone National Park and its base extending from 
Yuma, Ariz., to about 100 miles east of. New Mexico's southwest corner. Its 
altitude north and south is about 800 miles and it has a width varying from 
300 to 500 miles with an area of approximately 2S2,500 square miles. This 
region includes about one-fourth of Wyoming, almost the western halt of 
Colorado, the eastern half of Utah, one-sixth of New Mexico, the whole of 
Arizona, and relative small portions of Nevada, California and old Mexico. 
Almost one-fourth of this territory is drained by the Gila River which 
empties into the Colorado at Yuma, Ariz. 

For map of the entire watershed and of the various important tributaries 
see Fig. 1, page 1207, of "Irrigation and River Control in the Colorado River 
Delta," being Part IV of this volume. 

General Characteristics. 

What is known as the Colorado River is the stream formed by the 
confluence of the Grand and Green Rivers in the southeastern part of Utah. 
In reality the Green and Colorado constitute one continuous river, having 
an entire length of about 2,000 miles. 

Speaking by and large, the lower one-third of the water shed has an 
elevation of only a few hundred feet above sea level with occasional mountain 
ranges rising from 2,000 to 6,000 feet high. The line of demarcation between 
this portion and the upper two-thirds is quite distinct and consists of a 
vertical offset or line of cliffs presenting a bold, and in many places almost 
vertical, step of hundreds up to thousands of feet, to the upper table land 
or plateau above. This larger portion of the drainage area is from 4,000 to 
8,000 feet above sea level and is bordered on the north, east and west by 
snow-clad mountain ranges which reach altitudes varying from 8,000 to 
14,000 feet above sea level. Through this higher plateau, the main river 
and its tributaries have cut down deep, narrow canyons, the most remarkable 
erosion in nature being that portion in northwestern Arizona known as the 
Grand Canyon, just below the mouth of the Little Colorado, and the Marble 
Canyon just above. Generally speaking the whole plateau portion of the 
drainage area is traversed by a net work of these canyons, practically all 
of which are dry during the greater part of the year— indeed, except when the 
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light snow fall of the region melts and runs away, and during the brief 
seasons of flashy autumnal and spring' rains. Wherever tributaries enter 
the larger branches and main rivers, side canyons occur, having narrow little 
valleys in which are found willows, cottonwood, box elders, etc., but with 
these exceptions, all but the mountainous regions are generally forbidding 
and desert-like in character. ■ •- ./. 

After emerging from its canyons, the Colorado River flows through a 
successions of valleys, bordered by low ranges of mountains and hills, and 
separated from each other by relatively narrow gorges at such points as these 
mountains approach the river on both sides. These lower river valleys begin 
a little above Mojave City, something more than 400 miles above the river's 
mouth, and end at the Yuma Valley, which begins at Potholes and is prac- 
tically a part of the delta cone. At the relatively narrow gorges just men- 
tioned, one would naturally expect favorable locations for dams but quite 
a number have been examined with respect to the depth to bed rock and in 
no case has rock been found continuous from one bank to the other with 
borings 100 feet deep. In its course through the lower valleys, the river 
is a broad shallow stream, generally 600 to 800 feet in width. Whenever it 
(lows within the alluvial banks of recent formation it is at or above a bank 
full stage during full flood. At the higher stages with a falling river, the 
tendency to cut away concave banks is very marked, as much as several 
hundred feet of bank being cut away within a few weeks but when straight 
reaches occur they often remain unchanged for a considerable period of 

The Drainage System. 

The drainage system is made up of the Green River heading in Wyoming ; 
the Grand, originating near the northern Colorado line ; the San Juan, near 
Durango, Colorado ; the Little Colorado, in western New Mexico ; the 
Virgin River, from southwestern Utah ; Bill Williams Fork, from Western 
Arizona; and last, and in many respects the most important of all, the Gila, 
from Arizona, New Mexico and Old Mexico. The watersheds drained by 
these rivers have distinctive climatic, topographical and geological character- 
istics; the variations running from heavily timbered mountains on the 
highest portions of the Continental Divide to the most forbidding low lying 
desert areas on the continent ; from regions world-famed as summer resorts 
to those where the heat equals that in the Sahara Desert ; from granite 
mountains to plains of silt almost as line as ashes. The channel ,of the 
Colorado itself varies from the widest, the deepest, the longest; and the 
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grandest chasm on earth — the Grand Canyon of the Colorado north of 
Williams, Ariz., — to the most shifting, wandering and erratic of beds in the 
softest and finest of alluvial soli — from Yuma to the Gulf of Lower California. 
These are but a few of the remarkable features of the freak river of this 
continent and possibly of the world, everything considered. 

The Gbeen River. 

The Green River Basin is rudely triangular in shape, bounded on the 
north and east by the Wind River Mountains and the ranges forming the 
Continental Divide ; on the north and west by the Gros Ventre and Wyoming 
Mountains and the Great Wasatch Range; and on the south and east by the 
White River Plateau and the Roan or Book Cliffs. Its greatest length north 
and south is about 370 miles, its greatest width east and west approximately 
Z40 miles, and it includes a large part of southwestern Wyoming, north- 
western Colorado and northeastern Utaji- 

It contains approximately 44,000 square miles and its altitude ranges 
from 14,000 feet at the highest peaks to 3,800 feet where it joins with the 
Grand to form the Colorado proper. 

The Green River rises in a number of small lakes fed by glaciers and 
immense snow deposits on the Fremont and nearby mountain peaks on the 
western slope of the Wind River Mountains in western Wyoming; [hen runs 
in a general southerly direction through western Wyoming, across the Utah 
line, then turns eastward until just over the Colorado line into the State of 
Colorado ; then turns abruptly southwesterly to well within the State of 
Utah; and finally southerly to its junction with the Grand in the southeastern 
portion of Utah. Its length, not considering the smaller turnings, is about 
425 miles. 

The upper part of the watershed is extremely rugged and fairly heavily 
timbered, the stream flowing through a succession of long deep, narrow 
canyons, with walls from a few hundred to as many thousand feet high 
separated by short valleys containing small tracts of arable land. About 
Mie-eighth of the Green River drainage area is timbered land, chiefly Engle- 
mann spruce and lodge-pole pine, and there is a considerable woodland area 
in addition. 

The winters over the upper basin are severe and most of the waterways 
are heavily covered with ice for several months, while in general the summers 
are pleasant and cool but nevertheless there is sufficient warm weather for 
crops with a relatively short growing season. 
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Considerably more than half the basin is broken plains on which the 
average annual precipitation seems to be about 9 inches; over the remainder 
the average rainfall varies from 10 to 15 inches, and on small areas in the 
highest mountains increases to in excess of 20 inches. On the plains the 
winters are usually open but there is ordinarily an abundance of snow in the 
high mountains and in many seasons immense quantities of it, the melting of 
which keeps the stream at flood stages for a considerable time in the late 
Spring and early Summer. It is this run-off which produces the annual 
Summer flood in the Lower Colorado, which begins about April 1st, reaches 
its maximum about July 1st and goes down to normal about August 15th. 

Excellent reservoir sites are found on the headwaters of the Green and 
its tributaries, the most important being the Brown Park site on the Green 
River in Utah and Colorado where a 200-foot dam will store a,S0O,OOO-acre 
feet. Indeed a very considerable portion of the flow could be equalized by 
storage. 

The Grand Riveb. 

The Grand River basin extends to the White River and Book Cliffs on 
the north; lo the Continental Divide on the east and southeast; and to the 
Canyon district of the Green River on the west. Its greatest length north- 
east and southwest is about 270 miles, its greatest width southeast and north- 
west approximately 155 miles, and it includes the western part of Colorado 
and a small area in Utah. 

It contains approximately 26,000 square miles of which 3,700 are in Utah 
and the rest in Colorado, and its altitude ranges from about 14,000 feet in the 
peaks of the higher mountains to 3,S00 feet at its junction with the Green 

The Grand River has its source in one of the high peaks of the Rocky 
Mountains in north central Colorado and flows in a general southwesterly 
direction to its junction with the Green, traversing 350 miles. All of its 
important tributaries enter it from the south or its Rocky Mountain side. 
The Grand is a typical mountain stream, watering a very rugged, mountain- 
ous region especially in the upper portions where, like the Green, its course is 
a chain of deep narrow canyons and long narrow fertile valleys. Its grades 
are steep and the tributaries which enter it are rapid, the fall varying from 
20 to 100 feet per mile. The middle section of the basin consists generally 
of broken and scarred plateaus of sedimentary origin, while the lower portion 
lying along either side of the western Colorado state line is a dry, broken 
region much eroded on account of the very scant vegetation. The upper half 
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of the basin is at an elevation of from 7,000 feet up to the higher l^res, 
and the forest covering is good and equal to any akmg the Continental Divide, 
in spite of a considerable area having been forested over. The trees are 
spruce, quaking-asp, cedar and piiioa 

The climatic conditions of the Grand River drainage basin are essentially 
similar to those in the Green River basin, namely; severe winters and cool 
summers in the upper part, and lower down, winters fairly open. 

In the upper part of the basin there are extensive meadow lands and in 
the central part there are numerous areas easily irrigable by the Grand and 
its tributaries. The precipitation varies from 5 to 10 inches in the lower 
areas; 10 to 20 inches in the central portion; and up to 20 and 30 inches at 
the very head waters. Of course, by far the greater portion is snow which 
melts and causes high water in the Grand River at very much the same time 
as in the Green. 

Natural storage is limited to a few high mountain lakes, the largest of 
which is Grand Lake. There are, however, storage reservoir sites through- 
out the region, the most important of which is the Kremmling site, the 
largest in Colorado, which is located near the upper end of the basin, and 
where with a SSO-foot dam, 2,S00,000-acre feet of storage could be obtained. 

San Juan Riveb. 

The San Juan drainage basin is generally elliptical, being 225 miles long 
east and west and 170 miles north and south, and contains about 24,500 square 
miles. The river rises in the high peaks of the San Juan Mountains in 
southwestern Colorado; flows southwestward into New Mexico; there turns 
sharply to the west and northwest and runs across the very southwestern 
comer of Colorado into Utah ; and then westerly about 20 miles north of the 
Arizona line for about 70 miles to where it enters the Colorado. Its sources 
are the snow masses on the San Juan Mountains in Colorado, and for the 
first 75 miles it is a typical mountain stream. At Canyon Largo, New Mexico, 
where it turns west, it begins to flow in a broad, sandy, winding channel in a 
narrow valley bordered on each wde by terraced mesas. About 30 miles below, 
where it crosses into Utah, the valley narrows and the river flows through a 
deep box canyon to its mouth. It drains portions of Colorado, New Mexico, 
Utah and Arizona. 

The altitudes in this basin range from over 13,000 feet in the highest 
mountains to between 6,000 and 7,000 feet at the Colorado line, 5,300 feet at 
the mouth of the Las Animas River and 3,500 feet where it enters the Colorado. 

Its topography ranges in type from the mountainous portion at the 
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headwaters in Colorado, to the valleys, plateaus, and eroded mesas typical 
of the Utah, New Mexico and Arizona deserts. The timbered lands in the 
area aggregate nearly 2,000 square miles of merchantable timber and 400 
square miles of woodland and sage brush. The mountain slopes in the 
vicinity of Durango, Colo., which were originally timbered with spruce and 
yellow and white iir have been considerably cleared by lumbering. 

Climatologically speaking, the winters are severe at altitudes greater 
than 7,500 feet, while below 6,000 feet they are comparatively open and mild. 

A great deal of land in the San Juan, Animas, Florida and La Plata 
River valJeys and other small tributaries in Colorado is .under cultivation and 
irrigation, as well as several thousand acres in New Mexico. In Utah and 
New Mexico the average precipitation is from 10 to 14 inches; in the lower 
part of Colorado about 15 inches ; and it ranges up to 25 inches in the highest 
points in the basin. At elevations above 7,500 feet most of this, of course, 
is heavy snowfall so that the late Spring is the period of annual high -water, 
althongh the greatest flood on record occurred in September, 1909. 

There are numerous small lakes high up in the mountains which tend 
to equalize the flow of several tributaries, and numerous available reservoir 
sites, chief of which is the Turley site on the San Juan River, below the 
mouth of the Pine, with a storage capacity of about 1,500,000 -acre feet. 

The LiTiLE Colorado Riveb. 

The drainage area of the Little Colorado River consists of a high 
plateau extending from the Continental Divide in northwestern New Mexico 
westward to the San Francisco Mountain in Arizona and from the Grand 
Canyon of Colorado southwest to the MogoUon Plateau. It contains approxi- 
mately 25,000 square miles, of which 5,000 square miles are in Arizona and 
the rest in New Mexico. Its altitude ranges from 4,000 to 10,000 feet, being 
about 8,000 feet at the rim of the Grand Canyon at where the river discharges 
it? waters into the Colorado. The high parts of the watershed are fairly 
rugged and timbered, but in general there is little vegetation, and the area 
largely devoted to grazing, with small irrigated tracts here and there and 
widely separate. The winters are mild and open and the summers are hot 
and long. The precipitation of the region averages nine inches annually and 
consists to a small degree of snow. 

The little Colorado is a flashy stream, practically dry except for sudden 
violent floods. Excellent reservoir sites exist in the basin, the most important 
of which are at Woodruff and St. John, Ariz., having capacities consuderably 
in excess of the water available. 
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The Virgin River. 

The Virgin River is the only stream of any importance entering the 
Colorado from the right or the north and west side. It heads in the south- 
west portion of Utah aiiS running thfough the very southeastern corner of 
Nevada enters the Coloriido River about' 15 miles west of the Arizona line. 
It drains a watershed typical of the northern Arizona region, having an area 
of 10,000 square miles and an elevitiOn of 2,000 to 10,000 feet: ■ Generally 
speaking the influence of this stream on the Colorado River at' any time is- 
relatively insignificant. 

Bill Williams Fork. 

This stream drains an area bounded by the Juniper, Ton to and Har- 
quahala Mountains on the south, the Chemehuevis Mountains on the north, 
and has a total area of S,500 square miles. None of the region is timbered 
and the vegetation is very scant. The elevation varies from SOO to 7,800 feet 
and the climate is hot and arid. The average annual precipitation is low and 
the stream is of interest in connection with the Colorado River solely because 
of the tremendous run-off which follows very heavy, sudden rain storms 
throughout the region when the flow of the Colorado itself is low. In this 
way its effect upon work being done upon the lower river in winter time may 
be quite large and serious. 

The Gila River. 

The Gila River rises in west and southwest New Mexico, running in a 
general westerly course across Arizona, and empties into the Colorado just 
above Yuma, about 25 miles above the Arizona-Old Mexico boundary line. 
Its drainage basin's greatest length east and, -west is about 40O. miles; its 
greatest width north and south 325 miles ;, and it includes the southwest 
portion of New Mexico, the southerly half of A;r,^ana, and a cqci^iderable area 
in Old Mextco^j It contains approximately 64,600 S(])|are miles,..- . 

The mountains wher^ it.,l;ieads have elevations 9f< from 7,000 to 8,000 
feet while the river where ,iti,<»06Ses the Ari^ri^ state lin^has an elevation 
©f 6,000 feet. The fall of thsc^'^er 's consideislfle.jas it goes west until at 
Florence, 180 miles farther op, where the rivef:. debouches on the plain, it 
has an elevation of 1,500 feet; 75 miles west of this point it is. joined, by the 
Salt River. This latter stream is to so great extent a different river that the 
bed of the, Gila from this point to the junction with the Colorado River may 
properly be considered as a "joint track" for the Salt River and Gila River. 

Both the Gila and Salt ^rain mountainous desert country, where' the 
winters are very mild and the summers hot and arid. Nevertheless there art 
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about 7,000 square miles of merchantable timber and 11,000 square miles of 
woodland scattered about on the higher parts of the drainage basin. On 
45,000 square miles, though, there is no timber whatsoever. 

The average annual precipitation varies from less than 3 inches at 
Yuma up to 10 and 15 inches for the higher portions and rising to in excess 
of 20 inches in the highest mountains at the headwaters. Nevertheless the 
lower reaches of the Gila — that is from Florence westward— are ordinarily 
■almost dry and in the late summer frequently absolutely dry. The total run- 
off is subject to remarkable variation, and it is an exceedingly torrential 
stream in which short and violent floods may occur at any time throughout 
the year, but are more to be expected in the late fall and winter months. 

These violent floods in the Gila and 'in the Salt are far more to be 
feared and reckoned with in preparing and conductit^ engineering work 
along the Lower Colorado River than anything coming down the Colorado 
River proper. Relatively unimportant floods, of course, occur in the Colorado 
proper due to heavy rainfall over the drainage areas of the Little Colorado 
and Virgin rivers and from the Bill Williams Fork. Its only serious floods, 
however, are those due to the melting snow on the higher portions of the 
Green, Grand and San Juan watersheds. These latter always come up 
slowly and their time of occurrence and their extent can be accurately known 
for considerable time in advance, because of the excellent information 
obtainable from the Weather Bureau concerning the condition and amount 
of snow and the weather conditions over the various parts of the drainage 
basin; the considerable time required for flood waves starting in the upper 
regions to reach the Lower Colorado, and the modification of flashy flood 
waves from above before reaching Yuma. 

On the other hand the Gila and Salt have their period of so-called but 
indifferently high water, usually occurring in the late summer and early fall, 
due to the summer rain throughout the region, at a time when the Colorado 
proper is low. The low water season in the Gila and Salt occurs in June and 
July when the Colorado is in its annual summer flood. The widespread and 
intense precipitation, however, which often covers large portions, and occa- 
sionally almost the entire watershed of the Gila and Salt, throws tmmenae 
quantities of water into the steep winding river bed and causes floods which 
come and fall with almost incredible rapidity. The hydrograph of the flood 
of November 29, 1905, as indicated in Plate XLVII facing page 1290 of 
Part TV, shows the river rose at Yuma at the rate of a foot an hour for 
about 10 hours and fell with almost equal rapidity to abont one-third the 
peak discharge. 
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As a natural consequence of such sudden rises, the oncoming waters 
become heavily laden with large quantities of drift-wood and silt, picked up 
from the wide stretches of bottoms through which they pass; but, when the 
river falls again rapidly, much of this drift becomes stranded in the bed and 
is left ready for the next flood. The drift passing Yuma on November 39, 
1905, just before the peak of the most violent fiashj* flood, since complete 
records have been kept, was reached, almost completely covered the water 
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From almoBt every point of view, tbe Lower Colorado River, aDd 
particularly the Colorado Delta, ia extremely interesting. Ever since 
its examination and description by members of Lieut. Williamson's 
exploration party in 1850, the various features, geological, geographical, 
anthropological, engineering, and otherwise, have been written about. 
Tn 1905 the diversion of the Colorado River into the Salton Sea and 
the events which followed it were so spectacular as to result in world- 
wide notoriety. 

While engaged in re-diverting the river, the writer became im- 
pressed with the fact that the experience and information obtained 
should be made available to the Engineering Profeasion, and since 
then be has constantly been gathering data to that end. In Februaiy, 
1907, a general paper on the Bubject-j- was contributed to this Society 
by C. E. Orunsky, M. Am. Soc. C. E., then Consulting Engineer to 
the Secretary of the Interior in United States Reclamation Service 
matters; so that, before giving detailed information, it seemed best 
to wait until time should have revealed the strong and weak points 
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of construction and methods. Since then, experience wilji the control 
of the Lower Colorado Biver, and as local executive head of the 
immenae irrigation project of tlie Imperial Vall^, has brought the 
conclusion that the various poseible TicisBitudee of irrigation enter- 
prises in the United States have heen bo ttoU exemplified in the region 
aa to justify eettii^ -forth such experience in Cbneiderable detail. 

Ordinarily, more information Is secured from failnre than from 
success; ctwsegnently, no apology should ' be ^ due for pointing out 
failures as well as successes in a paper, the functions of which sre 
primarily to furnish' uteful engineering information! 

The Colorado Biter, 

The United States Qeological Surv^ has observed the discharge 
of the' Colorado and its several tributaries since 18&5, and the resultfl 
are to he fonnd in its Annual Beports and later in the Water Supply 
and Irrigation Papers, especially Kos. 349 and 260, on the Colorado 
Kiver Basin. At variotis times 169 gauging stations have been main* 
tained, &nd there are 76 at present. 

■ General ' Dieeharge Characteriatict. — From tiie data obtained at 
these stations, tite discharge characteristics of the tributaries and main 
Colorado Biver are pretty well determined. The discharge records 
of the Gre^n Biver, at Oreen Biver, Utah, the lowest gauging station 
above its mouth, and where the drainage area above it is 38 200 aq. 
miles, indicate a maximum Sow of about 76 000 aecft, a nunimuiti 
flow of about TOO sec-ft., and an average annual run-off of about 
5 000000 acre-ft. The greatest discharge is in June, averaging about 
1600000 aore-£t.; the annual rise starts about April let, reaches its 
peak in the middle of Jiine, and has passed by August Ist. ' 

The data obtained on the Grand Biver indicate a pMportlonfltely 
great run-off and very much the same diatributibh throughout the 
year. The records, taken at Turiey, N, Mex., oh the San Juan Biver 
until December, 1006, and sincd' then at Kanoo, indicate an ordinary 
flood maximum of about 15 000 sec-ft., 8 minimum of '75 seo-ft., and 
an average annual disdiarge erf 1 000 000 acre-ft.,' but with a much 
longer period of summer flood tjian' in the Oreen And Grand. 

The msxiihum flood discharge of the Little Colorado When it enters 
the Colorado HiVer is not known, but is probably afrout S)OCH>sec-ft. The 
floods are short and violent, and fiaMy large gua&tities^ of silt in 
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Eu^ension, in vhida regard the etieam is similar to the Oila and Salt 
Rivers. 

The Gila at Yuma is often dry, and h«e a idaximum flashy flood 
dieoharge of probably 185 000 eec-ft. with & total arerag* flimual run- 
ofl of 2 7fiODOO acre-ft. Flaahy floods have been knotm to occur in 
every month of tike year exc^t May, June, and Jtily, at which times 
the Colorado has ite raexlmuni flow. . . 

Power, — ^Excellent resertoir sites have been fomui on the head- 
waters and eloDS the main channels of the various tributaries, b; 
utilizing which a oonfaidsrable portion of the flow could be stored foi 
power and irrigation. Such storage would equalize the discharge, 
that for power having the greater relative influence. There are at 
pretent no water-power plante of. any . iAtportanoe whatever in the 
whole drainage area of the Qteai Biver. A total of (^proximately 
40000 Lp. has been developeel in the. Grand,.? OOO. in: the Ban Juan, 
and 20000 in the Oila- 3aaili> in oonn^otion with irrigation constsnic- 
tion. N'o data seem !to be available as to the amotmtof endrgy wbic^ 
it is commercially practicable to develop under existing . conditions 
en these various str^mS:— it is obvious that there must be a vast 
difference between tlie figures for theoretically poseible and for com- 
mercially feasible deyelopmenta. 

Jrriflafion-— Tie water, of the breams making up the Oolorado ia 
already utilized for irr^«tioQ to a considerable ertatlt. The oldest 
and largest development in the basin is perhapa that on iha upper 
Qreen Biver, in Wyoming., Recently, lai^ irr^ation ej'Bt«n3s. have 
been constructed in the. Duchesne River Basin, and there, is eonaider-: 
able irrigation around ■ VetnaJ, and &\bo Graen Ravec, Utah. Along 
the White and Tapipa Rivers, in Colorado, meadow irrigation is 
extensively pr«cticed, and projects are on foot f or tb^ irrigation of 
from 200000 to 300000 acies in this section. . 

Similarly, in the Grand Basin,. thei^ are ezt^iaiye meadow lands 
in the upper part, and. a half dozen small projects in conteanplation for 
the Middle Ba^ which together would irrigate about ,35 000 acres. 
In the Lower Basin is the Grand Valley Project, covering an irrigable 
area of 70000 acres, and th? TJncompehgre .Valley iProiect, which, 
when computed, will irrigate about 150 000 acres, bo^th by the United 
States Reclamation Service. Under other schemes, fx4m' 40 000 to 
50 000 acres more will be irrigated. ' . . 
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Quite a little land along tiae San Juan, Animas, Pine, Florida, 
and La Plata Rivers, and the small tributaries of the San Juan, 
in Colorado, ia now under oultiTstioD, and ebo 8eT«td thooa^d Mres 
of valley land in New Mexico, but, aa yet, irrigation has largely been 
confined to the bottom lands. The great«st probability of future irri- 
gation development in this basin is in San Juan County, New Mexico, 
where it is said that probably 1 OOO 000 acrea of fertile lands are excel- 
lently adapted for irrigation and for which the water supply ia ample. 
The average annual run-off at Turley dam site iB' probably more than 
1 000 000 Bcre-ft., the reservoir at that point having a capacity of 
1 500 000 acre-f t., and the total stream flow at Shiprock, below the 
mouths of the Las Animas and La Plata Eivere, is more than 3 000 000 
acre-ft. 

In the Little Colorado River Basin there are scattered a few 
relatively unimportant . patches of irrigated land, and the U. S. 
Reclamation Service has investigated and found feasible the irriga- 
tion of approximately 70 000. acrea in the vicinity of Holbrook, by 
constructing storage reservoirs at St. John's and Woodruff, Ariz. 

There are also irrigation possibilities in the Virgin Biver and Bill 
WilliatQS Fork Basins, but their total area is relativajy unimportant^ 
as far as concerns their effect on floods, or tb& irrigation of lower lands. 

There are excellent opportunities for irrigation in the Oila' River 
Basin, chief of which are the projects examined by tbeF U. S. Recloma* 
tion Service in the Tictnity of Alma And Lordsbuigb, N. Mez. At the 
- latter point there ara 250 000 acres of almost unbroken and very 
fertile land which could be irr^ted by the stored water of the Qila 
Biver, although at considerable expense. Other, good storage sites exist 
at San Carlos on the Gila, and at Eoosevelt.on the Salt, the letter hav- 
ing already been utilized by the U. S. Eeolamation Service by build- 
ing the famous Roosevelt Dam, behind which can be stored 1 100 000 
acre-ft. of water. With this water, about 200 000 aeres of land will 
be irrigated directly, and power will be generatitd foT"pumping water 
to nearly 60 000 acres' mor.e. In addition,' there is an exceUent reservoir 
site on the Verde Biver aboVe- McDowell, and large tracts of land on 
the Oils Eiver in the vicinity of Solomonville and of Florence, Ariz., 
are now irrigated. 

Along the Colorado River itself there are storage ait«s at Bull- 
head Point and at another point about 6 miles above the Laguna Dam 
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new TuuM, while there are iragid)!^ lands betwe^t MohaTQand Yoima^ 
aggregiatmgBome 400000 acMs. . .1 - 

Table 1 ia a summaiy of :tfae areas aboT« Yinna whiob Bt« baW' 
irrigated, in a teclmical' tense, aUhou^ much of thia territory, jio 
daubti is watered :m a TfiTf umotisfactorT' manner. 

■"■ ■ 'table i;' ■ 



■'rtistriiA. 


AorBa.' ■ 


w 




EH 000 

■ 4s 
















^i^US^^'''*^'*'*'^**.''" -■:•:::::;::: ;:■:: 




^tS"ir?Xira;iv:::;::::::::;::::::;:::;:;:::: 









Additional Ikbisable Lands above thb Yuva Yaioxy. 
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[mperlal Talley Id Mextco 

yiSta lands lir Mexico— east of tbe Colorado'... 



TABLE 2. — Appboxiuate Stobaqe FossiBiLinEe of the Basin. 
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It must be borne m mind that all the fignros in Tsbles 1 tad 2 
are for developments which are theoretically possible, aad thay:m'oifJiid> 
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bftve to bemoreorless^seriolisl^TAduoad to beioomat icroovajaettiieiiy 
feasible deTelopmeota, on account of tbe axceseive ooet and tbe 
fomudab)e.:ob«noter of the silt problem. 

'Discharge oj .Futna^-r-Obaerratloiis of . die. gauge heigbtsiof tlie . 
Ooloiado River have beat made b; the. Sou^em. Paeifio. Compau]' 
on ita bridge at Yuma aince 18;78.. Xbe tJ. S. Geological Survey has 
maintained a gauging station at tbis point since 1895, using rating 
curves for discharge reductions until 1902, since which time caieful 
current-meter observations have been made every 3 or 4 days. Table 
8 contains the data thus collected for the IS-year period, 1694 to ' 
1911, reduced to averages. 

TABLE 3. — Annual Dischahqe of Colorado River, at Tdma, Arizoma, , 
raoM 1894 TO 1911, Inclusive. 
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Tbe minimum annual discharge was observed in 1894, and the 
maxjmiHn . iri 1909, Tbe discharge has' teen strikingly greater since ' 
1903 .tKan f(fr previous years, but too mnch dependenap should pot[ 
be pTaced on the data obtained prior to 1902, at which time, very 
frequent cur»ent-meter observations wpie, oommenced. , The .lowest dis- 
charge was probably 2 400 sec-ft. in January, 1894, the average for that 
monfh being only 2 510 sec-ft. ; the greatest was 149 500 sec-ft. on June 
24th, 1909. The smallest total discharge for one month was 154 100 
aere-ft. In Jrinnary, ISft^'and the greatefrt was ft260000' acre^ft. in 
J«no,1909i- ■■'■■ ■'■'-■ -t ..'■..':-■' ■■-■■■■ '•■■■■ 
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The record for 1908 is given by montha in Table 5 da typical 
of the monthly rariation. The lesser disturbances caused by the' floods 
from the Gila in the autumn are very well shown; iii this c'as^, fhe 
masimuni discharge from this source occurs in December, instead 
of from the Colorado in June. 

TABI^ §,— JiojjiHLY DfsaHABqB of. Colorado KrvEii 

,,,,,, .,AT TUMA, AjUZONA, FflK 1?08. 
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Necessity for Storage. — The figures for the discbfitge at Tlima ahow 
that, in an ordinary dry year, the Ctdorado,- witll()ut' regulation, wiU 
serve an area not greatly exceeding 500 OOG aoree. Oii'the other hand, in 
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an ordinary diy j'aar, with faii^ ctHnplfit* regulptioii — that ia, with 
2 000 000 acre-ft. of water storaee—tbisTirer will serve 1 EiOO 000 acres, 
and any supply held over from wet to dry years would add ^o the roaerve. 
It is conservative to assume at present that no reservoir site on the 
Colorado below the Grand Canon can be utilized, on account of the 
apparent absence of rock foundations for dams in the river, and, 
even if other things were favorable, the tremendous quantity of qilt 
in the water means a heavy reduction in the reservoir capacity which 
could be obtained. Indeed, it has been seriously suggested that by 
the oonstruetion of a series of such dams, the silting up would in 
time create large areas of excellent land, one above the other. 

Above the Grand Oanon, the Eremmling Keservoir site, on the 
Grand Kiver, and the Brown Park Beservoir site, on the Green River, 
would together store approximately 4 500 000 acre-ft., and thereby 
add much more than 1000 000 acres to the irrigable lands of the 
Arid West.. When it .is considered that the present irrigated area of 
.Soutbem California, exclusive of the Imperial Valley, is less than 
300 000 acres, the poteutiality of ston^e alopg tlie Colorado is startling. 

Another very important feature of water storage along the river 
is the marked effect it wdlild ' have in decreasing the difficulty of 
controlling the Lower Colorado River. ' I^vee construction and bank 
protection must obviously be designed to' guard against maximum 
floods,. and it is these which the. storage basins would aSect to the 
greatest degree. The completion of the Roosevelt Bam, which will 
hold back 1100 000 »ere-ft. on the Salt River, will in future un- 
doubtedly reduce to a considerable extent the dreaded floods from the 
Gila River. 

ffise of the Bed at Yuma. — If the measured dis6hai^e of the river 
at various heights is used in making a rating curve, and- this curve 
is extended back, by means of the gauge readings, to 1878, the results 
would indicate that the quantity of water formerly passing Yuma 
was materially less than at present. As a matter of fact, the average 
low-water plane has constantly risen, and a comparison of the gaiige 
heights by 10-year periods beginning with 1878 shows the following 
average elevations: 

IStSito 1889. ,....,.; ,,..•.,.., 1W.6 ft. , 

,. 1890 " 1899 , , 118.6 f" 

:.: , , 1900 " 1909.. ..,!..... V ..,.,.. m,4 " 
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The low-water plane at the otd of 1909, however, was 3i it. lower 
than duriag any of the six precediug years, which included (he period 
of divereion into the Salton :Sea. . Indeed, it was lower, by more 
than 1} ft., than 20 years asO, and only 0.8 ft. liigber than during 
1878-79. The reasona for this iutereating 43ondition of affairs. will be 
considered later. 

Following con ventioBal practice, the endeavor was made for a 
long time to establish a rating curve for the Yuma gauging station, 
but this was found to be impossible. The reason ie that the bed la 
eroded during higb water and silted up during lower stages, thus 
fundamentally changing the crossTflection, not only for different gauge 
heights, but for the same gauge heights at the beginning and end of 




a high-water period. The reason for ihe exaggerated extent «f such 
action is as follows: The Colorado at all tinies carries' considerable 
ailt, the quantity and character, of course, depending on the veloei^ 
of the water, ^snming a given discharge, and conditions of equi- 
libritun, the bed of the river will have a given sldpe, the water will 
have a certain vdocily, and will cany a certain quantity of sediment, 
none of which. will eoieeed a definite siEe or specific gravity. If 
the volume of water increases,! the water eectijon and h^rauUc radius 
will increase, and wiU result' in greater velocityj ^iob will give 
greater < Btlt-oarzying capacity- Con<iit4on8 at the'oirtfail or mouth 
are determined and temporarily uncfaat^eable, therefore it follows 
Hiat the grade of the riwr.wiU automaticaUy t^nd to flatten itaelf by 
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picking up additional quantities of silt and carrying-' them along. 
Whea the volume of water deereases, the velocity wiU slackeni re- 
Buhing in carrying less silt, and the bottom will rise with ittcreaeing 
slope until equilibrium is again eetablisbed. This cctadition of af- 
fairs results in surprisiTigly great changes at Yuma during long periods 
of high water. In 1907 and again in 1909 it was foufid that for an 
increase of 10 ft. in the gauge height there was a lowering of thft bed 
of approsimately 30 ft., making the total increiase in depth of water 
almoBt 40 ft. In other words, the grade line drawn from the bottom 
of the channel at Yuma to the average watei surface in Uie Gulf of 
California had 30 ft. more fall, from Yuma down, at the beeinoing 
of the summer floods of 1907 and 1909, than when the peaks had juat >^ 
been passed, A few weeks after the first of these floods had entirely 
passed, the bed of the river had been restored to its usual low-water 
position. 

When flashy floods occur, there is not sufficient time for this 
action to take place to a marked degree, and therefore the flashy 
rise of November 28th, 1905, having an estimated discharge of only -j / 
115 000 sec-ft., reached a gauge height of 31.3 ft., whereas the, maxi- 
mum discharge in the summer flood of 1909 was 149 600 sec-ft. and 
the gauge height was only 29.2 ft. In other words, the flashy floods 
do not have time to render the rirer channel more efficient before 
the maximum demand is made on it. ' 

The increase in the gauge height of the low-water plane ia . due 
to the same general action. As the. r^ver builds the delta farther 
and farther into the Oulf of OalifOmia, the bed must rise all along 
the line^ of course, taking averages cf eonaideridble' periods of time- 
According to Oapt. J. H. Ud^lon, of YiimO, Ariz-j who for a great 
many years navigated the Lower Colorado, t^.. diJtB fan has ex- 
tended out into theOulf more than 6 miles in the past 40 ifears. 
Assuming the fall of the river in the lower reaches at liS ft. per mile, 
the rise in the bed should ayerage 1.2 it. id 6S years, or ^iproximalie^ 
0.2 ft. per year. These figures are labout whet the hyidrasraphs -eeom 
to show,' namely, 2 ft, per 10-y«aT period. ' . 

Efect of 190Q Flood.—H^ fact hab been msntioned that Ute lov- 
water plane at' the end of iSOdwas onlyO.8 ft. higher t£an during 
1879, and this becomes' much more -striking when the general: -eleTa- g" 
tions for the entire period ar« shown by a ourve. : Ihsre were- two ^ 
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factors which tended to produce such a result: first, the diTersion of 
the river tbi^ugh the Abejas'tb the west during the summer £ood of 
1908, and the Towering of the river bed at that point; and second, the 
effect of tie Laguna Weir basin, which e^tieted ae such for the first 
time that rear. 

It seeioB vei; probable that the Abejas diversion was the smaller 
influence, jn spite of the fact that at the time it was generally 
considered to be the only factor of importance. TJndoubtedlf , the 
bed of the: river, and consequently the surface of the water, h)wered 
rapidly while the diversion was becoming an acctMnplished fact. The 
smouiit of such lowering could not have been more than a very 
few feet at most, althoi^h it probably seemed much greater to 
nervous and frightened ohservers. 

Boubtlees it was an important factor that the Laguna Weir had 
bebn completed just before the beginning of that year's summer fiood, 
aiid created a reservoir having a capacity of perhaps 20 000 ecre-ft. 
The vatera of the Clolorado, heavily iaden with ailt, were here stilled 
and their contents deposited. The large volume of water which passed 
over the dajtn — ^the greatest ever recorded on the river itself — contained 
little Hioje silt than it would ordinarily during low-water stages. Con- 
sequently; it picked up and carried along the silt to an unprecedented 
extent. As the waters receded, the bed waa built back to a very 
much less extent, . because there was still an extraordinarily small 
quantity of silt in the water. Indeed, during this one seaaon, the 
basin formed by the Laguna Weir was completely filled and some 
20 000 acrg-ft. of mud were deposited out of the Colorado at thia 
point insteqd of being spread along the river hed thence to the Gulf. 

.Unfortunately, no sediment observations were made at Yuma dur- 
ing this flood period. Had this been done, the influence of the 
Laguna Basin on the low-water plane would doubtless have been 
approximately ascertainable. In any event, the gauge heights at 
Yuma, for discharges of 30 000 and. 10 000 sec-ft., respectively, platted 
aa ordinate?, with the times as abscissas, as in Fig. 3,* for the period 
of 1902 to 1912, show very cteariy that there has been no serious 
grade recession at Yuma due to the Abejas diversion. 
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, , Natigaiilitit. — In a Mchnical eenee, the Colorado Sivei is iHtngable 
from ita BU)uth up to Lagima Weir^ and again from there to The 
Needlee. Thie neTigability was recognized when Mexico and the 
ITnited Stdt«6 entered into the treaty of 1848 regarding the Inter- 
tUtionBl Boundary Line.. By the prvvisionB. of this treat?, neither 
eountiy was to permit woida which Would interfere with naTigation 
throughout that part c^ the river vbi^b is a cemmon boimdaxy. . In 
a eubaequent trealjf (1853) this proriaiott was abrogated, but the 
United Btates guaranteed in lieu thereof a free and unintermpted 
passage, of veasele and citizens as' far as the rirer: forms a common 
bounda^. As a matter, of fact, tbe swift, sboal wfitera and the shallow 
depth over bars in tbe river itself, together with a tidal bore at the 
mpnth,' where the range of tide exceeds 30 it, faaa resulted in prac- 
tically no couuneroe on the Tiver below Ytuua since the Southern 
Pacific £^ilroad competed .its track in 1SV6. ' At varibua times tbe 
F. 8- Arfoy. engineers have investigated the situation, but liave al- 
waya reported that . the navigation ..interest* were not . suffident ^ to 
justify any expenditure for river improvement. . 

An Act approved April 21st, ISM, authorized tbe Secretary of 
the Bilerior to divert water from Ae Lower Oolotado Kiter for irri- 
gation purposes and to construct a diverting weiT across the rivet 
at-Tbe'Potholes, or LaguUa, in which no provision whatever is made 
for navigation. ■ 

De^ta of the Colorado. 

The Delta of tbe Colorado Biver of ihe W«rt, at the bead of the 
Qulf of California, lies Bpproxim&tely betweeii tbe parallels '<)f 32° 
and 33° N.. and tb? meridians lit" SV and 115° W. It ia partly 
north , of the International £6undai? Line between the United States 
uid Mexico, and in larger, part south of IJiat line. Its area, inclnding 
the FattiB Basin and the Cocop eh Mountains, is ei^troximately 6 000 
sq. miles.: It extends practiijaUy from tbemonth of tine Oils £iver, 
at 7mna, westwurd to the todty Walls of the San JacintA MonintainB 
and south to tide water of the Q«lf, while On the north it bl«nds 
with the depressed area below the aea-devel; £rom which the oceex 
has been cut ofi by tbe deposits of the stream. Its general deltoid form 
is shown on Fig.. 4, together with the course of tbe maiH; stream .and 
principal branches, sloughs, and overflow channels. ■ 
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The Lower Colorado River. — The Lower Colorado River may be 
considered as that portion lying below the last narrows, at what ifl 
known as The Potholes — the location of the Laguna Weir, of the 
United States Heclamation Service, At this point the river debouches 



upon the plain, and the valley on each side is bounded by diverging 
mesaa. About 13 miles below., and just above Yuma, the Gila Biver 
joins it. The present location of tbie portion of the river is shown 
on Fig. 5. 

Alignment. — Below The Potholes there are two controlling points: 
one is a peculiar knob of indurated clay at Yuma through the center 
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of which. the mer ^Jiannel bag passed Bince the first advent of 'the 
whites;' the other is; the: granite hill known as Vilat Knob. The Bmoll 
emibtooe at Yuma covera about 40 acres, and rMches a height of not 
moze.thutlOO ft..iibore the ^net&l )«Vel of the delta plain. A similar 
though, much smallei Jsnob lies on the east' bask of the river, afoomt 
1000 7^. below and just to tho; south of die SouIImri Pacifie RailcoiMl 
Oompany'a lin* and bridge, and ts occupied b^ t^' reservoir and 
settling basins of that companr. These peculiar topograidiical features 
oonirollte river,, with - reepoct to its location «t Yuma, aad at 
Aadiad^ at the Intoilnational fiouudfltj^Xitie, Smilee farthei^ dotm. 

Ora^. — ^Tbe course of the' river isquito' winding, like every flashy, 
slh^tedring stream With a'relfttitely steep grade; Th6 elevation at 
The FotiKdes is'&ppi>o*imately IW'ft. aBove sea- level, and the dJstande 
by the rive*- is about 100 inilfes to fber hea;d' of tide-wate'r and 114 
miles to the mouth at the Gulf.'" Thus the' geberal avera^ fall iS ap- 
proximately 1.8 ft: pfer mile. -' '■" ''''-■ 

BemarkabU ■ Vegetation.^ Atteatioa must te' called' 'to the 'dense 
and Vaiied v^etation "throughout' the re^on subject to the river's 
overflow. Arrow weed grows in' nearly impeiietrftble jiinglesj mesqulte 
and screw-bean trees occur ih forests of varying density on' older 
established 'Soil^ while freshly deposited mud flats and banks are almost 
injmediately covered with seedling willows which qtiiekly grow into 
heavy timber. For instance. Professor Forbes counted on sti are& 
'5 ft. square ISOO willoW sprouts up tO 20 in!" high, and in another older 
growth 90 youiig willow trees 20 ft. high.* Cottonwoods oceut, but 
are' not ahundant. Along the river bank's and sloughs tbfre are 
deiise ^hietets' of common wild cane, which the Mexicans call ctimao, 
with a densely matted root stock which affords great resistance to 
erosion of tts sbil because the plant Spreads both by means of "Qiese 
root'st'ocka and by sending long alelider st6ms or runners acroSs the 
mud flate to distances of 20 or even 30 ft, and these Strike root at 
every poiirti'tiiJS'i'flpiS'fy-eatablishin'g the plant on newly made ground. 
Tn ma'rshy'lOcatiijns'are found great 'fields of a plant With an 'immense 
edible bulb iisbd by tbe'Cocbpah Indians as a food, locally' known as 
'hile. In addition there is the se'shdnid, or so-called wild hemp, which is 
limited stri'ctly to ground subject to overflow. 'It comes Up froin seed 

* "Tbe Lower Counesot the Oolorado," B. H. Forbes, in TIte Breat SoutAuiesf, Yunw. 
Aril., Vol. I, Oct, MOB, p.t. , : • ■' TTT 
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abatisll; after the aabsidmee of the.aummei fleodti itands in deiise 
tltiekeU ifrom 5:to 20 fL high, and ia oftaa squfkte raiks : in area. 
ThiB plflQt is alaa of iiitereet beoauA of ka indoKriill poM>bUit«efl. 
In B^Dfital, the rveipetation of thB delta is retnarii;abl« for the Uuntaer 
ia *hicb plants of a kind'UMBB^tDgethor in' aTeaa.'filmOst to tiia'-exolU- 
aioB of other Bpeci^/ and for the . lemarkalile doniit; and kometlM 
areas occurring i in eOnti&'qoua bodiea^ BtripB,'a^d patcboB; partacQlarly 
of willow, a mm weed, wild hemp, and earnaoj ' 

. : Xme .Ci^M^eA:— The- entire Colorado Biveil Delta haa been aaid to 
consist (d, Alluvial Hilt< When/ tbe civetr u low the . water wasdeni in a 
dciTious .^MT, ..jglpn^: 4, j^ary :wide ahallowbed in many filacea,t«lid is 
«verywjwre con^nedfbf: haaki e^ldom exceeding 10 or 12 ft. bit:h. 
puri^iig, high. stages theee banks are: oversowed at ipany poi|il4, and 
in. tb& case of seTera,-, floods a]icb overflow ia praotieally geiieralt The 
ban^s aie thuB.wat and. softened, and,, when the. river falls, caving 
and aide-cutting proceed wherever the curfient .is.throini at an angle 
.against .the.con&iing.bankB, and often w^th. staitlti^. rapidity-. i At 
tbe eame time^ the overflow water, .beiiig .y,ery, heavily. .chaiged yiitb 
silt. ia. checked by the .i^eijae, matted growtt, a^d .at once deposits its 
heavier particles, the smaller sizes being dropped p. little farther down 
stream,. and bo on. .Thw the.cpuntiy ia built up; moHt.:rapidly at. the 
banks, and liie land alopea.,away from .the ;riyer- at a. constantly, de- 
creasing .rate.., Indeed., the theoretical crosBTsecjtionTof the land .bup- 
faoe away from the stream ia a b^rpeufbola- Of courBo, these alopea ai^e 
not identical at, any two points akmg the river, but instrumental 
data At present available, show^tha geiieral average fall, to be about 
IJ ft. in the first lOO ft.; 3. ft. >n the.fiiat 300 ^1;.,..and, from B to 8 ft. 
in the first 3 000 ft. ■ ■ . . 

Althoui^ the coarser ^ilt deposits are thus, found immediately at 
the river. hoJikr there are several, reasons why this Ijiaa little prac- 
tical significance. The overflow water, ga,then( in little. «hannelB which 
follow the line of greatest .slope, and in geperal approximately a^ay 
from a^d doivn stream, the direction, being the jesultajnt^of the gen- 
eral grade parallel to the. riv^r, and of the slope locally from the 
river's banks to the abeyinent on either side. Such overflow <^annfde 
build up their miniature b.eda and banks exactly .like the.m^dn channel; 
they join to form overflow creeks, and theee in turn form the over- 
flow rivers. ,.■',■■■.■,■ 
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As the level of the river ris^ higher and higher by such overfoank 
deposition, 'It is obviously onlj ^ question of time imtil an unusual 
flood will produce sufficiently hi^ velocities in some of these ovefflo* 
channels to cause a recession of their grades extending through the 
river bank, thus diverting. a portion of the water through the new 
route. Ordinarily, «8 the fiood: recedes, such breaks are dogged with 
dnft and fiedinient, but sometimes the clogging action is not rapid 
eaon^h to counteract the opposing forces successfully, imd Id this way 
radical and extensive' changes of the river's course throughout the 
delta occur. Usually, these changes are in the nature of cutting dff 
bends and thus ahortenioff the chaimel. .,■■■■■: 

At first thought it would seem that a diversion to tbe-weet would 
be a -very probable oceUrrenee during any gJeat flood, because, with 
th« cotMtant bztetesimi of th6 delta eoutinvard, the gradient m thM 
dirftetioD' has bebcntad lessj andto the weet, more. Until the fall tioward 
the Oulf is much less than half as great' p«)r ttite ai'thttt^alang former 
couTSds to t^ Salton BaenH. Aa a matter of fuct, htnTever,' though 
the overftsW warters go d6Wti th^e ohann^s wi^ eonaiderablfi rapidity, 
the crosS'Seetions for many miles from- the river are exoeedingly in- 
effioient, dUe to the dense vegetation, drift in theTvaterk and occasitiU^ 
ally, no doubt, to beaver daffle.- 

In addition to 'the foregoing, there ie- another factor of importance : 
The bed of the main stream for quite a distance on each side of the 
Lltemational Boundary Line is excessively eroded during flood periods 
and filled up during lower watet stages, as has been fully explained, 
so that, with a given flood diacbaige in the river, the water going 
over bank constantly decreases in- quantiity, in dcfpth,- and in velocity, 
and it is only the overbank flow which i^ important in coiitieeti<al with 
the overflow channels. 

Okaracter of £ocol Silt iJeposiig,— These various actions resnlt In 
the formation of numerous little pockets throughout the inundated 
areas, in whi<^ water is left standii^ after the recession of each flood. 
Wherever this occurs the very finest of the silt settlea out and; Ml 
beooming dry, cracks in large, somewhat hexagonal, irregular cakes. 
If the deposit is very thin, those cakes curl up when thoroughly dried 
and are broken up and carried away as dust by the wind; but when verf 
thi<^ the cracks are sometimes '6 in. and even more in width at the 
top and exteiid down 4' or 6 it. Dust and vegetation accumulate in 
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such gaping cracke, and the B9zt flood dexwaite aootber layei of sedi- 
ment, Then, the heavier materials having settled first, the result is 
that the pockets are arched orer, thus producing underground in- 
terstices which must be oarefullj guarded against in leree and other 
earth construction forbolding back water. .. 

The character of. euch deposits depends oil tbe nature of the silt 
carried in the overflow water, and thus it happen* that it ie usual]? 
possible bf examinetion to determine whether a deposit was made by 
a . flood from, the Colorado, or from ihe Qila prc^r, or from the Salt 
Kiver. ■ 

Tbe rate of sucb local deposition is sometimes startling. One in- 
etaQce die writer observed was due to tbe flood of 1EI0& vMt^ caused 
the diversion of tbe river into tbe Salton Sea. This filled in the 
ground on the left-hand side of tbe bre&k about SOOO ft. from the 
old -riirer. bank over quite an area to a depth of 6 ft; or. almost to 
the roof of an Indian's ramac^ 

In this number tJie Colorado Biver, from its exit from tbe Grand 
Cajl^Q near The Needles, CaL, to about 8 miles south of Yuma, Ariz., 
has wandered about between its eastern and. western abeyments, and, 
irfiere these were auy distance apart, has built up alluvial valley 
stretches which are practically level tranaversdy. ., 

Tlw Prineipiii Overflow OhanneU. — The overbank flow of tbe Colo- 
rado on the east side does not gather into cbann^ of Itaportance be- 
cause the wstern abeyment is near byi esceptfar down the stream, 
.wheM there is what is known as the Santa Clara Slou^. .Thi8> 
doubttesBi at one time was the river's tnain channd, and during the 
severe eunUner 5*od. of 1807 it carried so .large, a volume of water 
that for a time it aeemed. probable it would again beeomie the main 
outlet of tbe river to tbe Gulf. This slough is about 40 ntilas loag, 
and empties into the Gulf about SO miles southeastward from - the 
present mouth. Tlus and tbe other' smaller bigb-w^ter cbaunelB on 
the east side are o£ no material importance in the engineering: i^ieraT 
tions along the. river.: . ; 

By far the . greater . portion of tl»e delta cone lies, on the west .side, 

' where there, are five inundation channels : of ' considerahlef- importance. 

These are abowil oij Fig. 4. In their order down stream from An dr ads, 

tbey are known as the AJ8mo;;New, Paredoaes, Abejas.fand PSscadeilo 

Rii'ers,. . Without a thoroijgh- knowledgfe of them. and their, relation? 
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ship to. the Osldrado fiood-w^ers, no BUti^factor; understanditig of 
the problems of the Lower Colorado, and the endeavors to handle them, 
ia possible. 

The Alamo River, which was formerly often called the Salton or 
Carter's Biver, has its ?atherii« ground in the northerly edge of the 
delta cone immediately south of Andrade. It followa, somewhat claselr 
the southern, end of the sand hills, at timee .in a n«ll-de&ted channel 
and again spreading out in broad swamp eeetioni, known locally as 



TYPICAL SECTiON, 

OF MATER lALUNDERLVIHQ 

SROUND SURFACE ON WHICH 

LEVEES ARE BUILT 



lagunas. Abont 40 miles west of the Colorado it oTOTses the Inter- 
national Boimdary Line, and oceaaionally Us waters were doubtless 
carried clear into the Salton Sink, The swamp arena, Lai Lagunaa, 
were also drained in part by the Quail River, which emptied intothe 
Paredones. Farther down the Alamo there is a low atea t6 the South 
and west thrCfugh which the o»erflow waters from the great flood of 
February, 1891, broke over from the Alamo into the New'Rive'r, the 
main point being at what is known as Behran's Slough. The latter 
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nms. lato the low region betveen the Pfttedones and the Al&mo, and 
this drains into New Rivet through the GarEa Slouch. It eeema 
probable that in 1891, for the firet time in many years, the oTerflow 
waters reached the New River cdianael directly via the Alamo, rather 
than via Volcano Lake. During thk flood from the OiU and the 
later aimual summer good of the Oolorado, sufficient water reached 
^eSaltonSea via the Alamo and the Kew Rivera to cover approxr- 
mately 100 000 acres in the bottom of Salton Sink t« a depth of 
about 6 ft., and it is estimated that the dischaise of both these 
rivers aggregated 17000 see-ft, for a period of several weeks. Well- 
defined channels in the soft alluvial soil were cut out by both these 
streams, and since then the Kew River has carried some water ever; 
flood season, as it .did occasionally, befora" In July, 1903, it reached 
a maximum of only about 4 000 aec-ft., which was then the largest 
since 1891. 

New Rivet really heads in Volcano Lake, and probably is what 
remains of an overflow channel through, which the aat^oit inland lake. 
Lake Cabuilla, emptied into the Qoilf of California. At present its 
grade is to the north and into the Salton Basin, and from tiie lake's 
edge it follows for some miles the base of the Oocopah fountains until 
it reaches about the + 10-f t. contour, wh«re the mountains turn 
ratjier sharply to the west. The river continues in a general nortii- 
westerly direction and crosses the International Boundary Line at 
Calezico, where, until the recent tremendous erosion due to the diver- 
sion of the Colorado River into the Salton Sea, it followed a gentle 
depression down the lowest median line into the Salton Sink. At a 
few places in its course it spread out into broad channels, a few feet 
in depth, and formed ocoaslonal ponds or lakes, the most important 
of which were the Cameron Lake, near Calexico, Blue Lake, a few 
miles farther northwest, and Pelican Lake, a few miles futher on. It 
is pow a great barrancai averaging from 40 to 80 ft. in depth and 1 000 
ft. in width, from a, point about 6 miles southeast of Calexico to the 
Salton Sea, 

The Paredon.es is the first, drainage channel on the soutlierly slope 
of the .delta cone, and within quite recent years had direct connection 

• Old settlers fn the Tlctnlty >«ree la mylDK tbfit in 1840, ItMO, I8U, ISW, 1888, aod 1B«7 
i.™a niinni.mBB of waler reached (he Salton Sea. In 18M that body of water attained 
■""""■■" ■ 'luiltctopped the mtSl 

:s. and a flatboal was 
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mtii tlie Colorado Biver, Thia cosnection was automfttioallf reduced 
to tlie veij Bmatl channel which existed in lOf^i when the levee cod- 
Etructiaa then, done fundamerLtallj changed overflow oonditjone. The 
Paredonee gathers the overSow water from a large area, and a fev 
miles from the riv«r becomes a channel of considerable width, and 
depths fpUowlBg thence along down an element of the delta cone. 
During the extraordinary conditions existing in 1905-06> it carried 
a very large quantity of drift, which, with the assistance of Bome 
beaveir dame, accumulated about 7 miles above Volcano Lake, and 
resulted in enlarging the branches leading toward the south. The 
overflow water ot this river gathers to the south in the Psacadero,. and 
to the north joins with the similar water from the Alflmo and runs in 
part;tc> VoleanoX-ake and in part through Garza Slougji to ^ew .Biver. 

The Abejas Biver drains the overflow from the region immediately 
south of the Paredones, and empties into the weatem side of VoIobjio 
Lake. Since the summer flood of 1908, this channel has been carrying 
the entire low-wat«r. flpW of the .Colorado and the greater, portion of 
the flood flow, which is the condition to-day. The reasons for this 
diversion and the eflu:>rtB to atop it will be cbiusideied at length later. ' 

The Pescadero, another important overflow channel, drains the 
region immediately below that unwatend by the Abejaa. It empties 
into a network of channela whifih conduct the water' from that part 
of the delta cone and including Volcano Lake, finally gathering into 
Hardy's Colorado and emptying into the Gulf. 

Volcano Lake may be another remnant of the waterway through 
which the ancient Salton Sea drained to tlie Oulf. It is a flat basin, 
the bpttOm Of which is about S3: ft. above sto. level, and its higb- 
water stage is .Bbout35 ft. At &uch a stage, it extends about 10 miles 
northw^t and eOntheast. and is about 6 miles wide. It is- fed by the 
Paredones and Abejas Bivers, the latt». bince 1908 being this course 
of the Colorado i«oper, and by the eygtam of: sloughs which form the 
Pescadero network and. also setve as. an outlet. It is on the sumtntt 
of the low, fiat divJde between the Salton Basin on the north and. the 
Gulf on the south, and thiis its discharge is both toward ihenortli 
and the south. I'rom the. size of the:outlet channels it is obvious that 
the greatest discb^ge has in 7e<!ent times been southward. Since IflOS 
a line of levees has prevented (my water from passing, into the New 
Biver. and theaee into Salton Sea; the lake's watos, therefore, ga to 
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tire Gulf througli Hardy's Colorado, which is an important cbannel, 
aTaragring perhaps «00 ft/ wide and 20 ft, deep at maximum Stages, with 
a fall varying with the stage in the lake from lees than 16 to more than 
30 ft. in a diBtanco of from 46 to 60 miles. • 

The engineering operationa which resulted in the irrigation of the 
Imperial Valley and its threatened destruction hy inundation at vari- 
oua times eince, have in very large measure been eonwmed with ^be 
overflow channels j'uat described. ■ 

Dtveriion io the West. — Regardless of the tendencies for and 
against a fundam^ital diversion toward tie west, the Col<irado con- 
tinued to flow in its regular bed to the Gulf until 1905. There can be 
no doubt that the operations of the California Development Company, 
and particularly in making an artificial cut from the Colorado River 
into the Alamo Channel and the utilization of that channel aa a main 
oanal, rendered the diversion to the west at that point, when it broke 
through in 1905, very much easier and more probable of immediate 
occurrence. NeverUieleas, the behavior of liie river since that time 
■indicates pretty clearly that a diversion to the west somewhere within 
the first '25 miles below Pilot Ehob was }ust ^out doe, under natural 
forces alone. The conditions of equilibrium had become unstable to 
a degree, and this is the condition in which they are to-day. 

Mesa and Delia. — The high mesa land which forms the »ast«m 
abeyment below Yuma ektraids therefrom almost sonth and into 
Mexico. The river turns, crossing the valley almost from east to west 
for about 5 miles, until it reaches the ■foot-hills forming the west 
abeyment; then it turns more than a right angle, hugging these hills, 
to the International Line; and thence it flows for 90 miles, in h 
remai^ably direct general line, but little west of south, to the Gulf. 
On the weet aide of the valley the foot-hilla end at Pilot Knob, a stnall 
mountain at the International Boundary Line, and the low mesa 
begins. The etfee of the latter runs southwest for 4 miles; then it 
turns sharply directly west for 36 milea;'^en' again it turns sharply 
t» a little weatof north for 60 miles — the latter edge forming the east 
side of the cut-off portion of the Giilf, Lalw C&huilla. 

It is thus in a sense almost x>roper to say that the Colorado Delta 
b€^n8 practically at the International Boundary Line between Cali- 
fornia. and Low« California, and that, for the first 14 milee below that 
-line,, the river is running on the very edge of the -divide of tlie' delta 
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ooneB, on one side alopiu? northwest to tbe Salton Sea and on the other 
to the Gulf. Furthermore, from that point the riTer (until 1908) wh8 
in a ridge of its own making, which it was raising oonetantly, and 
which is quite close to Hie eastern ab«7inent. 

Pilot Knob. — Pilot Enob is a Bmall, detached, and relatively abrupt 
mountain lying just- above the Interufftional Boundary Line on the 
vest bank «f"^ river, and iSone of the landmarks of the region. One 
of ita rooky arms extends almost to the present west bank of the river. 
Fifty years ago the river had a pronounced bend, shown by the dotted 
line on the map. Fig. 13, and hugged this rocky point until passing it. 
The time when the shift of the river took place ia not definitely known, 
but, very fortunately, at present the alignment here for several miles is 
almost straight. 

It is quite si^ificant that Pilot Knob is the lowest point along the 
river where a canal can be taken out for the diversion of water, with 
the diverting structure resting on solid rock. For this reason, it has 
been considered as a strategic factor in the irrigation of the Imperial 
Valley, but, in the writer's opinion, quite erroneously. The engineer- 
ing fetish of a solid rock foundation for structurea for irrigation and 
other putpoaee confining Water, has resulted in needlessly spending 
amounts of money in the United States alone which must aggregate 
a tremendous sum. Perhaps no Case is more spectacular than that of 
Pilot Knob and ita relation to the irrigation system of Imperial Valley. 

Earl]/ Stiggestiom Segarding Salton- Sea. — Almost the very first 
explorers were interested in the Salton Basin and its various possibili- 
ties. The ability to create an inland sea by diverting int« it the water 
of the Colorado attracted much attention, and it was very seriously 
suggested because of a supposed advantageous effect that it mi^t have 
on the climate of the entire region. On the other hand, the possi- 
bilities of irrigating the Colorado Desert by the waters of the Colorado, 
which has since been accomplished, were not overlooked, work having 
been dooe on many more or leas serious propositions at various times. 

Latbr Ibriqation FbOJE(7IS. 

In 18fll and 1892, the Colorado River Irrigation Company was 

formed. Mr. C. R. Eookwood was placed in charge of the engineering 

work, and, under hia direction, the entire problem of irrigating the 

Colorado River Delta waa carefully examined and the important 
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features full? worked out. The financial atTiDgenc; of 1803 put ui 
end to the operations of this corporation, and in 1804 Mr. Bockvood 
was forced to sue the compauj for his unpaid aalaTy. In partial 
satisfaction of the judgment which he obtained, the ^igineering rec- 
ords and data were taken over by Mr. Rockwood, and the Colorado 
River Irrigation Company ceased to exist. Nevertheless, it is interest' 
ing to ccmaider the plans then evolved by that corporation, or, more 
properly speaking, by ite engineer, Mr. Eockwood. 




COIORADO RIVER 

IRHIGATIOM COMPANY 

1893 



Z^. 



Plans of the Colorado River Irrigation Company. — These plans 
are outlined diagremmatically in Fig. 9, and show what is probably 
the ideal system of diversion and canals for watering all the land 
irrigable by gravity with the waters of the Lower Colorado. Events, 
however, shaped themselves bo that the water for Imperial Valley has 
been, and is now being, diverted at Filot Knob, and the U. 8. Recla- 
mation Service has built a diversion weir at The Potbdies or Laguna 
to put water by gravity on all except the mesa lands in the ao-celled 
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Yuma Yaller. Mr. Bockwood contemplated takiDE water out at Tlie 
Potholes and iDBtalline in the main canal near Pilot. Enob a sluice- 
way with which h« intended to flush out the silt in the canal above 
which escaped beine deposited in and removed by hydraulic dredges from 
a short enlarged aection of the main canal immediately below the diver- 
sion point, where the velocity of the water would be reduced. The 
dredges were to he operated by electricity generated at the sluice-way. 
The maps showing the detailed surveys of these canals are now in 1^e 
files of the California Development Compsny at Its Calexico 
headquarters. 

The California Devehpmeni Company).— I&x. Bockwood, being thor- 
oughly imbued with the practieabili^ and advantages of the project 
to irrigate the Colorado Desert with the waters of the Colorado, under- 
took to carry it throu^, and Anally did so by means of the California 
Development Company, under the engineering direction of, and with 
funds supplied by, Mr. George ChaSey, of Los Angeles, Cal. At the 
present time it is only important to say that, because of financial con- 
siderations, the engineering features were radically modified to divert- 
ing the water at Pilot Knob and utilizing a lai^e part of the Alamo 
overflow channel as a main canal to carry the water around to the 
Imperial Valley, essentially as suggested by Lieut Eergland in 1875-76. 
In this way the diversion work at The Potholes was eliminated, and a 
very cheap and (juiok method of getting water into the valley was 
arranged. By this decision the inclusion of the Yuma Valley as a 
part of the project was abandoned. 

The Yuma Proifct, U. &. Beclamation Service. — ^As eariy as 1895 
the Hydrographic Branch of the United States Geological Survey 
began stream ganging in California, starting with an allotment of 
$5 000. More recently, the California Legislature has aided ill the 
work, on the baais of appropriating sums equal to those set apart by 
the Uitited States. At the present time daily discharge observations 
are made on about fifty typical streams. Hydrograpbio investigations 
throughout the Western States, not only helped to prepare the way for 
national irrigation, but resulted in acquiring such hydrographic data 
that when the Eeclamation Act was passed, in 1902, the best opportuni- 
ties for national irrigation projects were pretty generally outlined. 
On account of legal an^ social cpmplications elsewhere throughout 
California, the Yuma Project was finally selected as the first to be 
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commeocetl by the Reclamation Service in that State. On April 8th, 
1904, a board of aeven er^neen recommended thia project; on April 
21st, GongresB^utiiorized the Beclamation Service to talte water from 
the Colorado and divert it by a weir which wonld close it to naviga- 
tion perraanentJy above Yuma, On May loth, 1904, the Secretary of 
the Interior gave his approval, and an allotment 6i $3000000 was 

There are approximately 75 000 acres of 'irrigable land under this 
project in Arizona, and IS 000 in California. Of thia area, 98% la 
subject to the proviaiona of the Eeclamation Act, the ownera of private 
lands having signed the necessary agreements to limit their holdings 
to the siise of the farm unit to be determinedi ' and otherwise to con- 
form to the regulations required by the Service. A Water TTsera' 
Association, conaiating of the land o^^nera of the project, handles 
the affairs of the district, from the farmers' point of view, and has 
contracted with the Secretary of the Interior to accept and use the 
water under the usual conditions fised in such eases by the Government. 

The Imperial Valley should logically have been included as a part 
of this project, particularly from an engineering point of view. How- 
ever, water had beeti delivered into the Imperial Valley for almost 
3 years when the Secretary of the Interior approved Of the Tuma 
Project. In addition, there were complications — largely over-eatimated 
and far more apparent than real — due to the fact that it is prac- 
tically imperative to go through Mexican territory with canals to 
serve the American Imperial Vall^. The project, therefore, was 
limited, for the present at least, to the irrigation of the Tuma Valley. 

Fig, 6 is a njap of the restricted Yuma Project. As it occupies 
a position on the river above that of the California Development Com- 
pany's constructions, and for that reason in many ways has had a 
very important influence on the whole irrigation of the Colorado delta 
proper and related engineering problems, its essential features will 
be briefly deacribed first. These are a diveraon weir, and the levee, 
canal, and drainage systems. The diversion is by an overflow weir of 
the type developed by British engineers in their irrigation work in 
India, and improved and used later on the Nile. It is of loose rock, 
rests on a bed of river silt, is almost a inile long, very wide, quite 
low, and ia in general an exceptionally interesting and expensive 
construction. 
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The UKit most uiiueuat and interesting feature is the necessity 
for about 74 miles of levees- to protect, from the overflow waters' of 
the river, the greater part of the land to be irrigatei The canal 
system, with the exception of the eipboti under the Colorado, is noth- 
ing out of the ordinal^, and the same is true of the drainage system. 

The Yuma Pboject, U. S. Reclamation Service, 

The project has proved very much more expensive than was origin- 
ally contemplated, the estimated cost being $S 000000^ whereas, the 
oonatniction expenditures up to June 80th, 1910, were *3 6n472.71,» 
exclusive of mainteaance. and operation charges and $100006 of the 
prelimisary survey coats 'more properly ohai^able to general investi- 
gations along the Colorado Eiver than to the Yuma Project itself. 
Woric on the project was reported as 80.8% complete, but this estimate 
was revised in April, 1911, and changed from 81.£ to 52.4%, making 
the proper percentage' completed on June: 30th, 1910, about 61.8. On 
this basis, the total cost will be $6 964 233, or approximately $77.26 
per acre of irrigable land.- 

Lagvna Weir, — The location and general design of this noted 
structure were determined. by the character of the bluSs on each side 
of the last nariow point of the Colorado Valley, where they were 
almost a mile apaxt^ and the fact that borings disclosed no bed-rock 
at reasonable depths in the river bed. Accordingly, it was decided 
to build a loW, wide diversion weir of the so-called "Indian" type. 
The original design, aa showji by Plate XLHI, was consliructed with 
practically only one modification, namely, the interchange of the prin- 
cipal diversion from the Arizona to the California side. 

Purpose. — The purpoee of this structure, primarily, was to provide 
for silting out the heavier particles carried by the river, during flood 
periods especially, where such deposits could he sluiced out: from time 
to time and in such a way that river floods would certainly carry 
them dowi) stream, 

Consideratioa will be given later to the silt problem, but it may 
be said that the only way of keeping the large, heavy, valueless 
particles of silt from getting into the distribution system, and clogging 
it, is to provide a aetlling basin where the ;water for a short time, will 
either be practically still or the velocity reduced to not more than 

■ Nlntli Annual Reporl. U. 8. ReclBmatiOD Service, Wwhlt^oti. 1911, p.81. 
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fl.6 ft, per aeo., with freedom from eddy currents. Such d^^sits may 
be rwnoved either by aluicing out with lai^ Tolumee of water at a 
iiigh velocity, or by \i$iug pumps, dredges, or aome other kind of 
jitaohiiieT7> It was eetiioated . that ui the main canal, oE^inedly de- 
Bigsed to carry 1 600 sec-ft., the volume of wet ailt to be removed 
therefrom daily waa approximately 17 000 cu. yd. The aluice-way 
method of doing this means a higher ioitial cost and certainty of 
Bucoees, as eempaied with the very mudi- loner cost, greater main- 
tenance and operation cha]:ges< and somewhat less certainty of opera- 
tion, for lamoval by machinery. Tlie Lasuna Dam (or rather weir) 
Qonsista ees^itially of sluice-waya at each end of the structure, with a 
barrier between to hold up the watei< and afford a head for sluicing. 

Sluice-waya. — The sluice-ways are controlled at their lower ends 
bj large, vertical, steel-plate gat« whioh are raised and lowered by 
electric machinery. The metJipd of operatiOb is to close the gates 
end canse the water in the slutoe-ways above them to become practically 
Still. The water thus held back quickly drc^B its heavier silt, while 
the canals are supplied through flash-board regulator gates in the ont«r 
sides of the eluice-waye, these gates being so long tliat a thin stream 
of water zuimiug over the toga suffices, and no water from near die 
bottom, where the Bediment is greatest, is ever taken. From time to 
time, as may be necessai?— <-and this varies greatly, depending on the 
stage of the river and the qutintity of heavier silt particles carried — 
the gate& are rapidly raised, and, with a fall of about 10 ft., the water 
rushes through the sluioe-ways carrying away the silt deposits and 
dropping them a ^ort distance below. During the annual and other 
floods, these depoeits are taken up by the river and carried down 
stream,- These sluioe-wBya are buih through rook, their floor eleva- 
titms being 13 ft. below the crest of the Weir. They are lined and 
paved with concrete, and -constitute a very massive and beautiful' piece 
of "work, ■■■ 

7%e Weir. — Between these sluice-ways the weir' is built, the slope 
of the face being very flat, only 1 to I?, and capped with a concrete 
pavement; ' 18' in. thick, except a small portion which is paved with 
rough atones from 2 to 3 ft; thick. TEe crest was 10 ft. ahove the low- 
water mark at the' dam when the atnicture was started,* and the top 

• See discussfon of variution in elevation of riser bed at diHwent clmea and (Uflerent 
eeasoDB. and the consequent iQw-water mark. 
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of die down-streBm wall is 8 ft. below; thus the -total fall of the face 
is 18 ft. 

Tbe weir was oonatmcted simultaneously from each end. and a gap 
of 80O ft was left in the center of the river channel, the original 
plan for coinpletinK thia 8»p waa by building u^Tper and lower coffer^ 
dams witli piling, brush, and sand bags, but this was changed and finally 
the bonier rock fill dam, developed by the operations of closing the 
first end eecond breakd described later, w« utilized. Beforethe central 
section was filled in, the sluice-ways had been excavated and completed, 
the total capacity being more than enough to aarrj the low-water 
flow of the river. Bock waa obtained in part from the excavation of 
the aluice-ways, and in part from the hills on each side; it was loaded 
an cars with dSrrieks and steam shovels, and hauled by dinky loco- 
motives to the various jrtrtions of the work. Coffer-dams made of 
quarry spoil were extMidid out into the stream, and inside these large 
pumps were used to clear of water. As much excavation as possible 
was done with teams and srt'apera, arid the remainder Waa taken out' 
by suction dredges and pumps. Sheet-piliii^ and the parallel con- 
crete walls were then built; and the^ rock filling between was put in, 
followed up by the concrete surfacing. The actual quantities used 
exceeded the original estimates considerably ; they are given- in 

™"'- TABLE 6. ' 

Bockexcsratkiit...'. M4MB«u. yd., oraboat 140% of eatlmatcfl. 

B«rth emaiTaUoii 846830 " '• '■ " 10% " 

Rock in dam S7501B " '• " ." VU% " ". 

ConeretB*. l:. ...:.'. ; MOSB " •" " '■ SflOfc " ■ 

Sbeet'pillDK Samilu. ft. '■ " 168% " 

Bock pav«mMit...... InB^nffloant— decresBB. 100% " ■" 

■ Id place ot rock paving, the coDcrete surface Tias snbBtlkited. 

On Match 15th, 1905, bids for the construction of the Laguna 

Weir were opened, but those submitted were rejected and the work 

was re-advertised. Proposals were again opened on June 5th, and on 

July 6th, 1905, the contract was awarded at the following prices: 

Bock excavation $1.30 per cu, yd. 

Earth excavation v 0.30 " , " " , 

Eock in dam. , 0.35 " " " , 

Concrete > 4.00 " " " 

Sheet-piling...... 0.40 " lin. ft. 

Laying pavement 1.00 " sq. yd. 
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The conlract required tbe work to be fiuialiod within 2 yean, which 
would meait just at the time of tlie peak of the summer flood of 1907. 
These prices, on the eatiinated quflntifieS, made the bid amount to 
$797 650. There were seven other bidders, wboee figures ranged up to 
$1 030 117.60. The Beclamation Service, under the specifications, sup- 
plied the cement to be iised. On February 28th, l&oe, the same firm 
was awarded the contract for furnishing and erecting the aluice-gatea, 
regulator-gates, and operating machinery for the main sluice-wsys; 
and head-gates, the bid being $<W 900. The contractors began work on 
July 19th, 19Q5, and a year later bad completed 26;i%: of the work. 

As tb6 quality of the rock obtained was much poorer than had been 
anticipated, the Board of Engineers of the Beclamation Service modi- 
fied aome renuirements in the specifications and contract which re- 
sulted in increasing the contract price by «331486, or to $1129 186, 
and extended the specified time for completing the structure from 
July 19tb, 1907, to January 19tb, 1908. , On January 23d, 1907, when 
abont 34% had been completed; the work was taken over by the Reda- 
mation Service direct. On July lit, 1907, 52% of the work had been 
finished, a year later 77% wa« done;, and it was practically completed 
in March, 1909, just befoie the summer flood of that year began. . 

The Beclamation Service gives the following costs* of the Laguna 
Weir and the sluice and regulator works : 

Laguna Weir ....'. $1 672 168.20 

Sluice and regulat«r worka 345 295.92 

Other recent operations along the river have shown that a structure 
serving every purpose of the Lagun? Weir could have been built by 
methods now well known at far leas cost. The building of rock fill 
dams in the bed of such a stream as the Lower Colorado was con- 
sidered impracticable until the work of re-diverting the river developed 
such method. However, it is now evident that it would have been 
far simpler, quicker, and cheaper to have developed rock quarries, 
thrown trestles across the bed of the stream, and dumped rook there- 
from to form a wide rock fill dam, without any concrete walla whatever, 
- and covered the top with concrete. There would be no difSoulty in 
beginning the construction of such a dam in the center of the stream 
and causing the river itself to excavate its bed opposite the rock fill 
as the latter should be built forward. In this way the excavation 

* Kiutb AuDUal Report. United StAtsa RecJamatlon BsrVlce, WaBhintftoii^ 1911. p. fS. 
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would have been madft to a little greater depth, than the bottom of .the 
concrete .wall^ actually put in. The. rook for such a pucpose would by 
preference be gnded, bo that quarry spoil would- in no way be objection- 
able, BDd rock mateiial obtainable in the adioining hills could be 
blasted out in large quantities, loaded with steam shovels, and conser 
quently (Atained and handled very cheaply. A structure having essen- 
tially the same top dimenaiona and surface covering, and extending 
deeper into the river bed than the existing one, would in this wsy 
have cost far less and be even more secure from failure. There would 
be practically no seepage through or under such a dam or weir, as the 
similar constructions, very much thinner. and sustaining much greater 
heads, which closed the first and second breaks, seem to be absolutely 
water-tight. 

To the cost figures ahould be added the proportional share of the 
total administrative and general expenses. Such administration figures 
are given as $179 021.43, to which should properly be added at least 
$76 000 of the item : "Preliminary surveys previous to selection of 
proiect^-$174 735.83," or a total of $254 021.43. These are probably 
the approximate general expenses to be distributed, over expenditures 
totaling $3 71747-8.71, or S.89 per cent. On this basis, there 'should 
be added to the cost, for general expenses, $114S48.24, or a total for 
the Laguna Weir proper of SI 786 411.44, and to the sluice and t^n-' 
latOT -works $23 ft83.7l, making their total $368879.63, or a total of 
$2 165 291.07, not including the loss of 1400000 said to have been sus- 
tained by the contractor, which woidd raise the total to $2 666 291.07. 

The result is a magnificent and permanent head-works for taking- 
water from the Colorado to irrigate by gravity about 76 000 acres of 
land in the Yuma Valley; and, at some future time, this structure 
may serve as well for diverting water to irrigate the entire Colorado 
Delta. Its very great cost, however, raises the question as to whether 
the silt problem could not have been solved in a more economical 
and equally satisfactory manner by pumping depositions thereof, in 
an enlarged section of the canal, back into the rirer, with auction 
dredges. This question cannot be determined until the maintenance 
costs of the sluice-ways end diversion weir are sbovra by experience, 
and the total costs and results of handling the silt with dredges, as 
is now being done at the California Development Company's head- 
works, have been ascertained for a considerable period! 
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Levea System, of the Yuma Project.— Tnatictkllj all the valley 
lands in the Yuma Project ai« subject to overfiow, so that a genial 
and comprefaeneive. system of lerce proteotion is. necessary. Fig. 5 
shows this system, practically ^Jl of ^ritich has been eomplMed. In 
genial, the desi^rne were for dikes 4{K)0 ft. apart along the Colorado 
and 3 200 ft. apart along the Otla^ with a height of from 4 to 5 ft 
^ove the high-water marks; as oonstnicted, however, there are long 
stretches along the Colorado where the levees are <mly front 1600 to 
1 800 ft- apart. . . ■ 

' The firtrt levee construction was in accovdaooe with the usual 
Mrasissippi Biver practice. The ground was cleared, stumps and roots 
were grubbed out, the base was plowed, and the l^vee waa built witii 
earth taken from borrow-pits on the river sida These borrow-pita were 
about 400 ft. long in the direction of the levee, with cleared traverses be- 
tween about 12 ft; wide; 40-ft. berms; aUowable depths of pits, S'i ft. at 
the side nearest the levee aid 84 -ft. at'the farther side; levee top width, 
8 ft; side slopes, J to 1 on the river side and 2i to 1 on the land side. 
Mb muck-ditching was done. 

The first stretch of levee conetmcted was 10 mil® long, extending 
aouth from Yuma along liie eastern bank of the river. In this section 
the current along the levee face was generally as little ' aa would be 
expected anywhere on the project. Nevertheless, experience soon 
showed the desirability of an elaborate system of brush abatis wock, 
a sample of what was put in here, being shown by Fig. 10. At 
many , points where any considerable quantity of water had come 
against the face of the levee the , b*^row -pits had cut together, the 
traverses haying quickly been cut through and the breach widened 
more ox less seriously. :As it was expected that the river would fill 
up these -borrow-pits with silt in the first few floods, such a result was 
diaappcinting. ,,.■.■■, 

It seems that no trouble was caused by the absence of muck-dit«h 
protection under the levee. Tljis must have been due to the fact that 
the ground where the levee waa located waa . uniformly favorable. In 
the fall of 1906, however, the leyee ajstem of the project waa extended 
some milea southward along the river, and the flood which occurred 
on December 7th, 1906 — which got under the newly constructed dikes 
on the west side of the river in many places and resulted in the second 
break or crevasse to the west — caused several breaks in ^ia new sec- 
tion, due to the lack of muck-ditches in unfavorable ground. 
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' Experiemce <Htli' ' ijie leveas^- tuido^iag tti6-'«&ect of ' this -Itlst- 
.mentiooed flood an titie-Wee «7at(ini 'Of -the ptojseiit and -oq '^e levee 
woEk dolie oD> tfae ot^ar sideof the rIyeF, cainKd &'ftmdam^tal chAnge 
in the desiga.' la- Satnxa^, i9ffl;'-k GoAsaiti^-ioiid at EtigmeeirB 
lTom'the'-U;,jS.-iBai^Amati6D Sei^toitrae at)poiitWd to ctmaid^' fbe 
mattec oi 'leTBe'obn8iti^tion.being'doiW''witbt>mooe7' adrBttoedl^'the 
HarriidBii iAtereslBida the wost: side of - tilM' rivw, tOid its- i«c<imm«tidfl:- 
tionfl are given later. Up to that date, 'SI L niife of ■ leveenhad been 
ooasteubtBd -vh Hk YiuUai^Frojectyexteedidg f rotn!: (FoiKa ttoiHtiwsrd 
15 . miles . isad eastwaid :aloiig the':Minth .bank'of the Oi]aJ& taifee. 
Ail cdnaftuction .ihemaftac'lua been hi aMordance'widt'tfae recimi- 
meddBtioiDa of this OonBuUing' Beaed fc« ' 1^6 levMs.^ot^e <tfeM 
«id^ bl- the' met; tiie JeaBOBtiRl' ieattUJea «f wbioh '«t!e "InterniptSi or 
-<4ke(tke»iba»r(f barrow^piia" " flii 'the -wtitsr eide of thfe dikeK, inuot- 
ditcbes 'whdt^visT teet-pits sbon- tlie^nt«easit7,''. dnd 'ft krgie quantity ni 
-brosh'a'batis.woitk,-. . ■ . ■'"' ■■■ ■ ''.' 

■ .In'190T,.« rHiLlrDad^track''W&s kid' in-.Iargs. part' (m tbe 'le^eei-f roih 
thi^ Lagupa Weil!. ta'Tnin&'Oii the Cblifonii«'«idft' of'thetriver, i:4iie^ 
for.tbe'ipBitpoHe vt btMlxag mA^naia'and sul>pIie6!to and ^from tbe 
Lacuna Weir. The Southern Pacific Company owns and dp«*ate8 this 
track aera.bVBHehi lin^' thna eerring' an Uea tcMcb Will foe under 
inteUdive enlturatien v«ry '«oi>ti, >aad~EKatly'faoilitating'Uvee maii^ 
nanoe hnd ropainL Over this trade a ' reiy dra^ qnanti^ «f ' qn&try 
^oil' waS^habldd froifr the Lagiia*. Weir cbnetru4;tu>nff6l:k ahd need 
to blanket the nTer<siife of tbb lereO' to a point below where the swiA- 
est water along its face n to b^expeetsd. Noo» k)f the other levees 
of . the iprbiect has.ai^ blanketing or any track on top^' ' ^ '■' 

Canal S^ttem of-.iht: Y-wna Project.— 'Big. 6 slliowstbe geHeiei iey- 
oat of the canal Hystem of tha Ttima Prefect as it la planned at i>r«B- 
ent and in, ' considerable imeaBurei cbnatrtibted. The principal -Itiain 
canal ia.«n theOaBfomia'alde, and has a capacity of 170Osec-ft.'" The 
main canal'tHi 'th» ArizonaBide 'will irrigate only the land north 'Df 
the Gilft iBiver/' Water for irrigiitlDg- die land lying east and sonth 
of the Oolorado and bflow the Qila- is to be carried under the river 
at Twna In an inverted iiphon, :1000 ft, long, 11 ftj in- diameter, 
about &0 f t, belov th«' bed of that. Btretuur and having an eetimated 
c^wcity of : I40& sec-'ft. : This siphon id now under eonstnictioii. . The 
original, plan'wa^ t^ serve this .territory with water taken from the 
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Amooa end of the dam ai)d carried a«ro« rthe Gila Kver in four rein- 
foroed ooncrota tubes with a combined capacaty of IMO aec-ft and 
laid 3 ft. below the riy«r bed. This croesing was abandoned becaaae 
the diffioultf of boldinir tbe Oila Bivcr bai^ atlhe ends of tlie vmder- 
Kround siphon was considered too great. There' Is practicallr no 
danger of this kind in (arosung tlie Colorado witfa the siphon, because 
of .the little eminences of qiute haird material which control the loca- 
tion of the river at. this point. 

The desicn of this siphoii, the inToetigationa of the material in 
which it is located, the first methoda of conatructitHi used, the diffi- 
culties eBOoantered, the chaises in plans and methods, with ibe lea- 
sona therefor, the methods of doing the work &tal]y adopted, and ibe 
time, and cost figures, are all intereating in tbe extieioe, but will not 
be given here for several reasons, ehief of which is that, on the cook- 
pletion of the Tuma Froiect, it is hoped the work will be described 
at length in a paper by the Project Engineer, F. L. SeUew, M. Am. Soc 
C.'i)., or some other engineer of the Hedamation Sorvioe. Only such 
gennal deaoiiption is here given as seems desirable, to make quite clear 
the eSeat of the project its^ direct^ and indirect^ on the irrigatidn 
.of the-.delta. . 

: Th» total acreage whieh wiU ultimate be irrigated by the Yuma 
Tw^efit ia given in the reports of the Bfiolanutticm S^vioe as 90 160. 
This includes 17 {too acires of mesa lands which lie too high to be 
reached by gravity from the principal canal system. It is Intended to 
devdop 1000 h-p. at the drop in the main eiana), and with Hub to 
operate pun^is to raise. water for the hii^er distribution ayatems. 

At present the main danal from the Laguna Weir on the California 
side' down to the Califomia .shaft of the river crossing at Yuma 
ia under constructioD, and quite a little main and soma lateral canals 
Ij^ing between thege points and b^iad the^ lind of the levees on 
the west aide of the river, have been, conqtleted and are in use. Such 
canal construction, and partjcularly the che6ks, < head-gates, etc., 
are models of their kind, being of concrete anJ'of the latest afid 
most approved type. . TTp- to the- etid of 1907, there were no canals 
on the OaJifornia side, of thfe river; indeed^ practically alt the 
area was contained in the Yuma Indian Beeervation, which has 
eiilce then in part been apportioned' to individual Indians md in part, 
6'500 acWs, on March Ifet, I&IO, opened tO enfiry flfad quiekTy taken nj) 
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by white settlers. ;Two ^eeks later water -wtis turned' into the reaerva- 
tion canals, and rapid progress is being made in devieloping Uie region. 
On the east aide qJ the river below Yunia. about. 8,000 acres are being. 
irrigat«d through small canal systems which have been in operation; 
for a long time and were taken ovex by the Reclamation Service since 
the creation of. the project. The total acreage of the project to which. 
water could have been, supplied was about. .16000 acres; about 10000, 
acres were actually irrigated during the season of, 1911. ■ 

Drainage System of the Yuma Project.^ As , baa been, said, a 
large acreage ai the Yuma Project is subject to annual overflow, and 
lies behind the levees. The water-table throughout practically the entire 
region rises and falls with surprising rapidity during all floods which 
are long in passing. Thus it is that during May, June, .July, and, 
August particularly, the water-table rises so near the, surface as to 
result in rather high alkalinity in .the soil. The river water which 
win be applied for irrigation also carri^ a considerable,, though not 
serious, quantity of soluble salts. . . Evaporation takes place from 
land surfaces v^ry rapidly in such a hot country, and when water ia 
on the surface, or approaches so near it that capillarity makes con- 
nection between the water-table and the surface of the ground, the 
quantity evaporated is excessive, and the salts contained are left 
behind, largely in the top layers. Therefore, efficient drainage is very 
important.' It is made even more necessary because the rainfall is., 
really inappreciable, having been less than 3 in. per annunj for the 
past 15 years, and causes very little leaching and washing' away of 
alkaline deposits. In passing, it is important to say that, very for- 
tunately, the alkali of the valley lands is peculiarly a surface accumu- 
lation, often being JiOnfined to the very upper layers, usually to the 
first 2 ft, in depth, and seldom being found at depths esceeding 6 ft. 

The Tfutnft- Projtct, therefore, 'includes plans for an elaborate and" 
efficient system of dftinage canals which will be doing ' the' masitaum' 
smouttt etf work dtiring the anUuail sunHnfir floods of the Colorado, It' 
is planned^ where Becessary, to ■ puiup siieh drainage water over the ' 
levees and bauk into the river. This drainage system has not been 
conBtruoted; and 'indeed- the detailed plans mAy not yet hai^e been ' 
worked out, but it is desired to state here that arrangeinerits have been 
made fOr drainage^in the Tuipg, Projec.t,, apd results .alo.ng.,tbat'IiDe 
must be obtained in the Imperial Valley sboiier or later. '' 
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, . lUPKtUAL YiLMiy iBBMAtriON PROJECT. . 

In 1883, Mr. Rockwood' found himself in possession' of moch 
engineering and other information regarding ihe irrigation of the, 
Colorado Desert with the water of the Colorado Eiver, in lieu of salary 
for a' considerable time aS Chief Engineer of the Colorado River Irri- 
gation Comlpafiy, and had a firm conviction of the project's, possihili- 
tles,' ' For more than 7 years he endeavored to finance the work, both 
in the United State's and abroad! ' llany people suggested ,the 
irrigation of the Colorado Desert, as already mentioned, but Mr. 
Rockwood and associate's actually brought it about.' His Very inter- 
Mting story of the enterprise,'* unfortunately, is . accessible to rela- 
tively few people.' In apit^ of ha later ' mi3takee,^r. ilockwood is 
certainly entitled to much credit and reward for his efforts, which,' 
piractically Speaking, were finally crowned with. coiDplete aiiccMS. . 

*' Engineering Peatures.—^iie eiifeirieering features of irrigating the 
linperiSl Valley from tbe "Colorado River can now be much better 
understood than. was possible in 1900. The experience of 10 J'eara is 
always of valiie, and was, particularly so in this case. The fall of the 
ground was known, and/to diyert the water and conduct , it to the 
broad,' ideally lying tra,cts of land to the west of the sand hills was 
obviously practipahle. There wer^ however, two, especially -serious 
problems; the danger of diverting water froni a wide, eiratic streMn . 
flowing throi^h a shifting channel along^ the.t^p of a ridge ,pf loose 
alluvial silt; and the difficulty of keeping; open can4l which carried 
water so heavily charged with ailt. . 

i?*ueraMm.-^Theimpos8ibilityof.pr(^>ei:.ilj.finaEcing;lih6en(ea:pri8e ab- . 
solntely forced the abandoBmeut of the idea ,o^, di.iFergionr at The Pot-:, 
holes, with its opportwJties for eettUnp baaipa-and.aluicerw.ays.to care fpr. 
the silt en route, and i^ade the diversion at the. rockp, point qf-Filot Enoh 
practically, unavoidable^ It was alww* .the .idea to havQ a .head-gate 
founded on. solid. rock- : At: the last, it. .ivfie found ino^iostliihlA to i^tftm 
the -money, -eyen for titda oonstrwitic^r hut .th^/,diwBia» point-WaB.' 
located, there, ;with the int^n^iflp of; utilizing tiUs KKify;J«utiC of Pilot ' 
Knob for head-works, in the very n«ar^ future, when thei&ianoial Matua 
of the coijip.any migjit jiermit. ■:■„ 

id AddubJ itagailne BdltioB, 
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Flood. ProUction.—^ltdOM not aeeia to liaTe been Tealieed, af the 
time, or indeed by any one until iha drrereiim into the Salton Sea 
wtB actually an acooaiplished fact in 1905, that there was. any really 
appreciable danger to' the Imperial Valley by fiood-wstera from the 
Ooltwado-. -TJie writer Iiopes specially, thait tbo diseossion -will' bring 
out any GOBtradietioti of this statement which may be Bnccessfulty 
maintained. Of ooiiirse/ it was known that largS' quantities of water 
had been carried tiiTougb tiie-Nsw and Al«nw) Bivenivto the Salton 
Sea in 1891, and also by the- New jyvep eaili«r,'«Bpecially in 1868; 
but the chemnels' had not eroded to any maiOted degne at tiie gathferin^ 
ground along the Oolorado.Eirerbuik^ but,'on the contrary; had auto- 
mBtically closed. Inatiumebtal data teg&rding that portion of the 
delta caae trhkih is aubjett to overflow were entiidy Uckii%/ «nd 
indeed, little odiei .neliaUe iidormation ^oot the tegion wBa'«Teil- 
Rble. It: was idsnned 'to build levels Mo^'dia PtTef side of the 
canal witlithe' material taken £iqm' the latter,- but the purpose of. 
these levees waa to protect the 'CaiLal. ilsblf'fkim danger, dad not to 
beep the iQaod-waters which. insight- enter this- waterway f rom^largliig 
it to. a dangerous degcee.:: Of - courae, ' any lisk of the'.river bein^ 
diverted into the Saltbn Sink, andaoon inundating the entire Imperial 
VaUey^ involTSB the saibe' risk to t^ irrigation pzojMt aasu^. Oliier^ 
wis^' such riskishunld^TiouBly .not affeot ail indgstioti oompany' in 
any wayy nnless it* opeiTatfona: and conMtiuctione. have an appreoiable 
effect on..Bueh mcr diveraion: ■" - ■ ■■■ 

StJi.— ^With this meana of diTeiaioh it- wae< neeessiry tolet the 
Bilt-laden river water raiter th« cac^' direct^, an^ dotiond'on keop?- 
ing them open by drodging, •raHion;«l<i. - The chief, dlfflotlty obvioiBly 
muBt ooonr: ia the: first streicheB of -the :«atsrw(Q', dve -to the- rapid- 
deposition of ■the heavier or sandy particles «f -silt whidi the riteir: 
water carries during flood stages of enoeaBively^ high onrMuts^ and 
which'drops donn.'elmodt at (moe' when the v«]odity decreases to. Say, 
H ft: par secf. After 8uc£.' clarification, it ispOBSibleitO'deeign and 
operate. :eaaials : 'In the. Colorado Delti,- tit wall as in 'ladiB' and 'else- 
where, so as to iasnxe the camage of the remaining finer «!lt inter the 
smaller laterals end- to the irrigated land.' liaj fivstmile of the canal; 
therefore,' waia designed with a large evoss-eeotaOn so aS' to ^Saeure tlte 
deposition '^ tiiis heavier ailt tb^e, where it could-be removed by- 
dredges. . . , ..-.:■...-■ ■■'.-.■.,;:■ 
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Alkaline Lands. — From a fsrming point'of view, a difficult? wMch 
was cot given veij serious consideration was . tke lelttiTel? high 
alkalinity in the upper layers of the soil throu^iout practically all the 
Iiuperial Valley. Wherever water came in contact with the ground, it 
was observed that vegetation at once sprang up like magic, and ib 
was assumed, from this and f mm the obvious methonjs of its occurrence, 
that the soil must be exceedingly fertile and admirably adapted, for 
general agricultural puipoaes. In one sense, a very serious mistake 
in this- way was not made, for ^gricultuie of almost unparalleled suc- 
cess has be^ followed for the past 10 years,. with only at rare intervals 
a very slight thinning of er^ps indicating the need for proper drain^e 
and the reduction of the ezceas of alkalinity. 

In 1883 tlie Direator of the Agricultural Experiment Station at the 
tTniversity of Oalifdrnia was asked to investigate the agrtcultuial 
possibilities of the land in the Imperial Yalley. At that time it was 
proposed to provide an eqtedition properly equipped in order that the 
Director, Professor E. W. Hilgard, the great American authority on 
aoilsj might explore the region personally. The financial diffitnilties 
of thfe Company prevented carrying out the plan at the time, but a 
few samples of water from the l^es and of soil taken superficially, 
proved that the latter were very eimilar to that of the immediate 
bottom of the Oolorado Blver, whi(4i pieviouB analyses had shown to be 
of extraoidiBary intrinsic fertilit?.*^- In 1886 and 1S97, some addi- 
tional samples of soil and water were scmt for. examination. These 
corroborated the previous cdnolustons, but showed that a considerable 
quantity of alkali fetdts vras prterait -in the soils as veil as in the^aters, 
and thus indicated the desirabili^ of- a thorough examinatimi of 
the T^ij>n, from the aoil standpoint. The subsequent soil investiga- 
tions in the Imperial Yalley and tbeir effect on the fortunes of the 
region -will be considered lat«r. . 

Drainage. — Though the country as awhtdeliea ideally for irrigation 
and ordinary irrigation water drainage, tlte natural waterways are 
so far apart and bo smdll and ill deflned.as to make the construction 
of an efficient, comprehensive dr^age. system almost as ctifficult and 
expensive as the irrigation cAnate. In the engineer's report to the 
Ctilorado River Irrigation Compeoyy it was stated thdt the cdouttruc- 
tion-of.a drainage system (though akaost as expoidve' fas the proposed 
* Report, Agrloaltural Bxparlmeiit Bt»Uon, Unlversltr of C^ifomia. IBSS. 
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irrisation sjistein) vas essential, but, 8c«ue y^rs later, when the work 
to be done was triromed to the lowest practical minimiun, it naa 
decided that a general drainage syetem was not. immediately ueoeesacy 
and possibly might never be required. This latter opinion was not 
as radical as might at first be asstimed, because, eyen tO-day, there are 
probably not more than 6 miles of drainage ditches in the valley. 
It is. being realized in fi general way that at some time provision for 
drainage must be begun, and within the next few. decades doubtless a 
fairly comprehensive plan will be developed. .The diversion of the 
Colorado into the Salton Sea in 190S-O6 resulted in eroding the beds 
of the AJamo and New Eiyera into. deep wide ch^nnela which wUl be 
tbo controlliug features in the design of the ultimate drainage system 
for the valley, and thus produce a benefit which in the end must 
certainly exceed the total damages resulting from such diversion. 

Climate.— 'The climate of the region, with its long, hot, dry sum- 
mers, is peculiarly favorable to agricultural luxuriance. Thus it is 
that here the very earliest grapes, fruits, and vegetables are produced 
for the United States market, with the consequent advantage of 
commanding the highest prices. This is notably true of the Imperial 
Valley cantaloupe, now famous all over this country, and of the early 
grapes, asparagus, etc, .On account of the very low humidity and 
gentle winds which blow much of the time in'hot weather, the sensible 
temperature — which is indicated by the wet-bulb readings and gives 
the measure of teat felt by the huinan body — is much less than the 
actual temperature as measured by the dry bulb. It is conservative 
to say that a temperature of 110° in Imperial Valley i6 not more un- 
comfortable than 95° in Los Angeles or 85° in the more humid sections 
of the Eastern States. Furthermore, the nights are always cool, the 
low humidity resulting in rapid and large daily temperature variations. 

At the same time, the heat in the Colorado Desert and at Yuma 
was proverbial, and one of the difficulties which the project had to en- 
counter was the suppMedly frightfully hot summers ; indeed, the project 
would otherwise have been financed very muoh earlier. Since the con- 
trol of the diversion cSnal was lostin 1906; the impression haa:beoorne 
general that the project of irrigating this region was rejected 'by capi- 
talists as involving too great engineering- risks. As a matter of fact, 
the chief difficulty was the fear that the torrid olimirte would render 
colonization very difficult. It was for this reason only that Mr. Geoi^ 
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Chaffey declined to consider Dr. Wozeneroft's solicitationa to under- 
take the enterpriseas early as 1885, and it was Mr. Chaffey's subsequent 
experience in succeeefully eetabliahing an irrigation ^terpriee in tiie 
interior of Australia, where a maximum temperature of 126° Fahr. 
was often reached, which led him to undertake the iwork here in 1900. 

The International Boundary lane at the Sand HiUs. — Perhaps, 
everything considered, the location of the International Boundary 
Line and the Sand Hills which lie to the west of Pilot Hjiob and 
overlap into Mexico for several miles, constitute the most important 
features of the irrigation, and protection from inundation, of the 
Imperial Valley. It is this which makes it impossible for the people 
of American Imperial Valley to organize to protect themselves under 
the laws of California. The menace is entirely on Mexican territory, 
and, apart from the difficulty of dealing with the problem as one of 
engineering and statecraft, is the worst feature of all, namely, the 
seeining injustice of compelling American citizens to protect their 
homes against a menace originating entirely on foreign soil. 

Aside from the danger of the diversion of the Colorado to the west 
and into the Salton Basin, the important result of the present loca- 
tion of the International Boundary Line ia that, practically speaking, 
water cannot be taken from the Colorado Kivcr and carried in canals 
lying .wholly on American soil to the areas in American Imperial 
Valley susceptible of irrigation by gravity. It could be done, but it 
would require approximately 12 miles of a closed conduit running 
under the sand hills and costing at least $10 000 000. a sum practically 
prohibitive.. 

Water Rights.-^JiaQ tQ the diyided authority of the National and 
State Oovemments with respect to permission for taking water from 
the Colorado Kiver as a navigable stream, water appropriation notices 
then, as now,, had to be posted and £led, under the laws of the State 
of Catifcmla, and arrangementa had to be made with the United States 
War Department as well, if such diversion interfered with naviga- 
tion. It'.appeais that no attempt was made to. obtain penaisaion from 
the War Department for takic^ water from the river, because. it was 
alniost impossible to cause any "interference with navigation." This 
failure to secure pemiiBBion from the War Department, however, had 
a very serious result later. 
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Ideal Piitws.-^The ideal way to carry rach a project through iB now 
quite obvious. All the engineering features should have been carefully 
worked out, elaborate eoil surveyB should have been made by well- 
lecognized authorities, and Qxperimental fanne Ediould have been 
SBtablished. The irrigation syBtem sbould hare been built in sections 
and colonized befora additional areffi were covered hy canals. Water 
rights, entirety free from any possibility of attack, should have been, 
obtained. In the Hght of experience, the writer believes i^at, by all 
means, these should have beeat obtained from the Mexican Qovemmentr 
and the diversion should have been made on Ifexican soil, or the de- 
velopment should have been made nnd«" the Carey Act. 

Dealings with Mexico would have meant the abandonment of the 
idea of diversion works founded on solid rock, but a structure' with a 
wooden caisson foundation extending under the gates proper and the 
wing-walls would have been just as safe as the concrete head-gatft 
actually put in later, and would have cost little more money, if indeed 
as much. 

The ownership of all private interests in the Salton Sink ougM to 
have been acquired, and such permission obtained from proper Gdveni- 
ment aathorities that this naturally depressed basin would ever be avail- 
able without question as a receptacle for the seepage, drainage, and 
waste water from the irrigated lands and canals. Data as to ' ailt 
deposition and the cost of removing rt from canals and intakes should 
have been obtained from experiments carried out ' on a commercial 
scale. Various details of the project, in short, should have been 
worked out very carefully and adhered to. ■ 

However, aa in many irrigation and other projects in the 
West, ^e garment had to be cnt according to the cloth. Tbe sum 
total of events resulted in carrying out the project along lines which 
were far from ideal, but which later proved to be possible of execu- 
tion with a remarkably small amount of money, everything considered. 

Thb Caufobi^u Dbvelopmemt Coupanv. 
The first practical step toward the actual irrigatadn of Imperial 
Valley was the incorporation of ibe California Development Oom- 
pany, under the laws of New Jersey, on April 26th, 1896. After two 
years of vain endeavor to obtain permission from the Meiicaii Govern- 
ment for the American corporation to hold laiid and acquire rtgbis 
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of way jfor tbe maiit canaU into Ameiican Imperial Yalleiy, it vaa 
found oeceasfii? to form also a Hesiciia corporation. Tlie California 
Development Company bag a capital atiock of $1250 000, divided into 
12 600 shares of $100 each; the Mexican Company — La Sociedad de 
Rieffo y Terrenos. de ia Baja California, Sociedad Anonima—haa a 
capital stock of $62 600. all of which is owned by the California De- 
velopment Company. , £[ereafter in this paper the California Develop- 
ment Company will be referred to as the C. D. Co., and the subaidiary 
Mexican corporation aa the Mezicasi Co. 

. The general practice throughout the West was, and atill ia, the aale 
of the "water right'' to settlers at ft dsfinite price per acre — uaually 
the right to buy water tjiereafter at specified pric^ The arrangranent 
adopted in thia case was the formation of mutual water companies 
which would receive water wholesale and distribute it to their stock- 
holders, the capital stock of ^ such mutual companies constituting the 
water right. 

OTganiiation Under the Carey Act. — It would undoubtedly have 
beaa much better if the desert land in the United States had been 
segregated, and if the project, as far as American territory was 
concerned, bed been carried out, under the Carey Act. This A.ct, how- 
ever, had not been passed when the original inveetigations were made, 
and, when financial . arrangements l^ere concluded, the Califotnia 
Legislature had adiourned and would not mpet for nearly ^o years. 
Suoh delay was deemed too great. 

JFoter ipj)l-ojjrwifioTW.T-Water filings were made on April 26th, 
1899, on the right bank of the Colorado River about 3 000 ft. dwve 
the International £Qundary Line, by. Hr. C. K. Feny, on behalf of 
the C. D. Ce.* »pprc5)riatij?g 10 000 eec-ftj, of the flow of the Colorafo 
Biver to be used for tha irrigation of American lands in the Imperial 
Valley. No serious atfienjpt was made, to: obtain water rights in Mex- 
ico-T^in Mexican .territory there wasno chance to found diversion 
works on rock, and money for the first work of promotion would have 
been difficult to obtain with a projected iiitafce in that country. 

Rights of Wav—Th.^ C. D. Co. purchased ,316 acres of patented 
land along, the river just north of the International Boundary Line, 
and these included the rodiy point of. Pilot Knob; and the Mezitjan 
Co. acquired 10 000 acres in Mexico, beJonging to Gen. GnillBrmo 
Andrade, , and lying generally south of .the Boundary , Line, .as sho^ 
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in Rg. 9, together with the bed of the Alamo River, which extended 
beyond the boundaries of this tract. In the American Imperial Valley 
(all the land belonging to the Government except Sections 16 and 36, 
belonging to the State of California, and known ae "school aectiona") 
rights of way could not be purchaeed outright, but easements therefor 
were easily obtained as at present by application to the Secretary of the 
Interior, accompanied by maps and descriptions of the proposed con- 
structions. All rights of way and property leqUii^d for the eonatruc- 
tion of the project were thus arranged. 

Gontraoijial Relation of the C. D. Co. and the Mexican Co. — 
The two companiea entered into a contract by the terms of which 
the C. D. Co. turned over to the Mexican Co. all the water to be 
diverted front the Colorado River by the former where the canal 
crosses the International Boundary Line at Algodones; the Mexicaa 
Co. agreed to deliver water to water users in Mexican territory as 
required and the renctainder of the supply—the latger part by far — 
to the American water users at- points on' the International Boundary 
Line from 40 to 50 miles west of the river, and, from the water users 
of both countries, to collect for the water fiimidied, on a quantity 
basis; the C. D. Co. agreed to build, maiMain, and operate all tiw 
Mexican Co.'a irrigation constmction in Mesico; the Mexican Co;^ 
in consideration thereof^ agreed to pay the C. D. Co. all sums received 
by the former for water righte, water stock, and water' rentals from 
^vater users in the United 8tat«; These agreements were limited to 
w^ater for lands which were irrigable by gravity from tiie system of 
canals begirming at the head-works constraeted. It was stipulated, fur- 
ther, that no contract should be entered into with the Mexican Co. giv- 
ing any person or corporation superior right over any other watfrt USer 
by reason of priority jn date of contract or otherwise, and that the 
C. D. Co. should not be responsible for failure todelivei' water to the 
3£eziean Oo, from any cause beyond its contt'ol, although admitting 
obligation to use due diligence in protecting canals artd maintaining 
the flow of water thereiui 

By this arrangement, the Mexican' Co. retains the money received 
from the water delivered to Mexican water users, and is put to no 
construction, maintenance, or operation expense whatever. This 
arrangement, however, is not as advantageous as at ' first appears,' 
because the gross annual water 'rentals from 'Mexican water users did 
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not amount to $10000 gold per aDnum until the be^inainff of the 
ninth year, while the right of way contains at least 8 500 acres of land 
and includes 50 miles of the Alamo Biver channel, wbioh ie utillEcd 
as a main canal. It will be a number of years yet before the receipts 
of the Mexican Co. will be sufSciently large to make the contract an 
unuBually profitable one. 

Mutual Water Companiea, — Xext to the general plan of arranging 
to require the purchase by settlers of the water right uaual in auch 
cases, the fundamental idea waa delivery of water to. mutual water 
compaoi^ instead of individuals, the mutual companies to be operated 
by the holders of. stock, namely, the farmers in their respective dis- 
tricts. The various mutual companies thus run their own local affairs 
and join together, tjirough the 0. C Co. and the Mexican Co, in a 
community main canal leading from the river to the settlement weat 
of the Sand Hills. 

Triparty Contracts, — The mutual water o<»npaniea required the 
eonStruction of a distribution, system, and ought or ou^t not to Itave 
paid a bonus for the contract to receive water at the International 
Boundary. liae, depeuding entirel; «n the conditions under which 
the water should be delivered and the price to be paid for it. A. tri- 
party contract was entered into between the Mexican Co., the C. D. Co., 
and each of the mutual water companies, under the terms of which 
the Mexican Co. agreed to supply wat^ to the omtual water compa- 
nies "on demand" and at definite points on tiie. International Bound- 
ary Line in the Imperial Valley for 60 cents per aore-f t., to be used 
only on lands within the req>ective districts; provided, however, that 
the aggregate quantity of water necessary to deliver under the con- 
tract should not exceed four times the number of acre-feet pra annum 
that there were shares of capital stock in the mutual company; the 
mutual company agreed to order and pay for at least 1 acre-f t. of water 
each year for each share of its stock sold and located, regardless of its 
use by the mutual company or by its stockholders; the C. "O. Co. 
agreed to build the distribution system of the mutual company and 
to maintain certain definite portions of the canal thereof perpetually, 
reserving the right to develop and use the water-power liiat might be 
obtained from the waters running through any of the canals, including 
those of the mutual company; a provision was made that at the end 
of 3 years the loss of water to the C. D, Co. in evaporation from 
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the canah of the mutual compan; should be determined, and Biich 
an extra allowance oi water be supplied, as so detennined, to the end 
that only the net gnantity reaching each half section of land should 

be paid for; and the mutual water company turned over all its capi- 
tal stock to the C. B. Go. and agreed to locate such atock on any 
lands within the exterior boundary lines of its district on order of 
the 0. D. Co. The C, D. Co. sold the capital stock of these vari- 
ous mutual <:oinpan!es to the settlers, and with the' proceeds built 
the main canals in the United States, the canal system in Mexico 
which belongs to the Mexican Co., and the distribution systems which 
became the properties of the various mutual water companies. 

There were- eight of theae triparty contracts; they were essentially 
similar, though no two were exactly alike in every detail. The con- 
tract between the Mexican Co. and the C. D. Co., and the triiwrty 
contract as just outlined, together with the by-laws of the mutual 
companies, show the contractual relation of the water user to the 
organizations on which he depends for water. These by-laws,- in 
(general, provide that each share of stock shall represent the right to 
piuvhase water for the irrigation of 1 acre of land; that stock issued 
shall have written on its face a description of the land on which it 
is located; that no stock shall be located on any lands outside those 
described in the articles of incorporation ; that one share and no more 
sball be located on each acre of land which can be served by the ditxdies 
of the company; that owners of stock issued but not located shallnot 
be entitled to receive any water represented thereby, but shall, never- 
theless, be liable for all assessments, the same as other outstandliig 
stock of the company; that the shares may be transferred; and that 
acceptance by any stockholder of a certificate of Btoi^ shall be con- 
sidered as a ratification by him of any and all ctHitracts between the 
mutual company in question and the C. D. Go. 

The inter-relations of the water users and the various corporations 
have been given in detail because, of a general impression that the plan 
was devised for the purpose of taking advantage of the settlers. In 
its operations it has resulted in no unfairness of any importance to 
any of the parties concerned. Considering all the circumstances, the 
prices charged for water rights were very low — $5.75 at the beginning, 
up to $20 at present, and averaging $12 per acre as the total cost to 
the settler, on easy terms — and the total annual water rental from the 
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TABLE 7. — CoUPAEATiVE Statement of Eaknings and Expesses 

OF THE California Development Company, for JToyembbb, 1909. 

(Property on a Berioudy deteriorating basis.) 
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watet- uMTB in the TsUey will not suffice to pay mainten&noe, opera- 
tion, and geneml expenses, properly figured, tintil such time as about 
700000 aoTfl'ft. of water' are sold arimially- At the end of 9 year« 
the sales have sot yet reached that figijre. Fig. 4 ahows the boundaries 
of' the lands of the Tarioua mutual water companies in the valley and 
luidec whose distribution systems lie all the luids which are as yet 
irrigated. , 

. Operation of Triparii/- Contract. — For 34 years the writer was 
Gtsneral Manager for both the 0. D. Co. and the !Uezican Co., and 
handled all matters. between these companies and the various mutual 
water companies. I>uring the latter portion of that time, the pro- 
tection of. the Imperial Valley- from. inundation by the Oolorado had 
become quite as j.i|iportaat as its irrigation, and, for this protection, of 
course,, no proriaion was contemplated in these contracts. Except for 
that, the arraogenient proved to be very satisfactory, and produced 
a smooth and comfortable relattonship unusnal in irrigation enter- 
prises. As a result of litigation, the Supreme Court of Calif omia has 
just declared the whole scheme practically legal The Imperial Irriga- 
tion District was creatod several months ago, and the directors thereof 
have decided to take over only the functions which the 0. D. Co. and the 
Sfexican Co. now perform, and will not interfere in any way with the 
mutual water company plan of organization, or the water companies 
themaelvee. 

TABLE 8. — Statement op Earmikos and Expehsbs 
OF La SpciEDAD DE Irbigacion y Terrbnos de la Baja Cautobnia. 
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Imperial Land Oompan^. — The partiM who were induced to back 
the enterprise financially were afraid of the colonization end, and 
wonid have nothing whatever to do with it. Aco<»diiisl7', it waa nocea- 
Bary to form a colonisation company-— the Imperial Land Company — 
which w«B incorporated under the. laws o£ California in March, 1900, 
and consisted in part of some of the piomoteis of the C. D. Co. and in 
part of other people. This corporation contracted to do all advertising 
and colonizing and sell all water stock in consideration of having the 
widusive privilege of town sites and a commission of 25% on water 
stodi sales. By using Government land sorip, this company obtained 
immediate ownership in fee simple of tracts of land in Varions parts 
of the valley and subdivide them into town sites. Tlieee town sites 
were covered with water stock in order to obtain water for domestic and 
municipal use through the asaiatanceof the mutual companies, because 
no wells, except some very daf^t and unsatisfactory ones quite recently 
sunk on the east side of Imperial Valley, have ever been possible for 
domestic supply. The Imperial Land Company thus established the 
town sites of Mexieali, in Mexico, and Celexico, Heber, Imperial, and 
Brawley, in California. The other town sites— El Centre, the county 
Boat, Holtville, Seeley, Dixieland, and several smaller places were plat- 
ted and put on the market by other parties later. 

—Operating Expenses of California Development Co., 
January 1st, 1908, to March 31st, 1909. 



TABLE : 
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— -„ — — — -- the mutual watfir oompaolea lb the 

Dnlted States were B»r ITS acre-ft.. or tUX 400.08. 

This colonization company in general was successful, but not to the 
extent which would be expected, considering the unprecedentedly rapid 
settlement of the region, and the contract was certainly a fair one to 
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the C. D. Co., up. tothe tim© of its abrogation' in 1»06. Water stock 
was sold to the settlers for small «aSh paymente and notes payable in 
fiye TeBzIy-Bettlementa at 6% intei«at, eucb not^w being secured b; a 
pledge of the' water stock purcbased. Many of the Settlers had scant 
means and only a £liiig right oo the land, so that the water stock was 
not made appurtenant to the land, but left as personal property. The 
initial payment went to the Imperial Land Company, and was by it 
used for advertising and otter essential puipoaes, the oollateral notes 
secured by the water stock being taken by the C. D- Co. 

TABLE 10. — AvEHAOE Divebsion and Deliveries of Watbb bv the 
Canal Systems op the C. D. Co. and the Mkxican Co. fok the 
Week Ending January 19th, 1912. 

Osuge a,t Yuma W.6 ft, 

GAUffe opposIM Intake Itti.B " , 

BleTstlonof bottom of dlTtmlm gate ....' «.0 " 

Avenge flow<rt Colorado River at Tum» * W? sec-'t. 

. DlTemonCrom Colorado Rlvar at Audrode 1 US " " 

Used In Heiloa X! aec-ft. 

Uied In United .8t«l«B BM,* •' " 

•Wasted at Bosltos vBste-sate 8S1.S ■' " 

Total. J... 1 SW.tMO-n. 

Total1oM.Alidnu]eto 81iarp« ■ «e«.l ■e<^ft. 



* m.l sec-ft^ of this paaaed through the plant ol fJifi Eo)tcm Power CompaDr. «n roiiJe 

,hl8 wane-gate tor developing electrical enersy. 

This lose eqaalalS.Mb In about 46 miles of main canal, cbleflj' Hie bed of tba old Alamo 



iro.is^ per ntlle OD the BTsraxe— an extr«melr loirflEiirs. 

Management of the G. D. Co. — Delta InveBiment Company, — 
Until the water rentals, became of importance, these collateral notes 
constituted .the only receipts of the C. D. Co., and these assets- were 
looked on with considerable suspicion by the financial institutions of 
Xos Angeles. Nevertheless, thejr might' have been taken as collateral 
at about 25 cents un the dollar. had not the m^it of the entire 
entet^rise been rendered questionable in various ways, as explained 
later. When diis occurred the Delta Investment Company was 
formed — in the fall of l&Ol — with assets consiflting solely of C. D- Co. 
and Imperial Land Company stock contributed by the wealthier people 
of the enterprise. This company was given a contract to take over 
all the C. D. Co.'b bonds at 50 centa on the dollar, and alt its collateral 
notes and mortgages at the same discount. By this arrangement; the 
Delta Investment Company practically ctmtrolled the 0. D. Co., 
althou^ the amount of the C. D. Co. stock held by it was much less 
than a majority. ' ' 
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TABLE 11, — ^Aiitra;AL.£sPBNi>ni3Bss 

OP lUPBBUL WaTBE CoMPAKT So. 1 FOB 1811. 

Capital stock = 100 00() sha»si all of which h«e been sold, and 
■e located oq 100 000 acrea of land. Tptal length of canale = 373JS 



Maintenanee ! '■ ' ' . 

Superlu teudence 17000. 00 

■BoBineeriDB....- ■ / ;i.; 1 l 900.O0 

Corral B805.ll 

Aniomoblle..: > 300. 00 

Sliops a«9.1S 

Uate rials and BuppUea SOtfl.ll 

Labor, men and teams 7B8Sr,41 

Damases MS.Bl 

Mu?Krata,boumyttt>leo<ft - 4W,0I> 

pperaium :- ',''.'- 

^uperintendenoe J8S16.M 

EngliieerinK..,.; : 1*.81 

ZanieTDB WaOO.KS 

Corral 8HM.M 

Antbmobile 4?«.8B 

HaterUla and supplier ' *" 



Tele^obB BOO. Id 

■""■ -' '— men.w 



. VfatermeMra... 



Oeneral Kxpeme :■ 

aalariea SS410.0S 

aeoeral BTponses ..,..., t«TI.18 

Printing and stationery 4W.01 

T^x&a and imjimnoe ^.. ........ .^......^....,, . QC6.5tl . 

Furniture and flxturBB B80.4S 

Legal (npeoBes , - 10689.88 . . _ 

.~B 28187.61 

Imperial Water Company Ho.' l.ezpeiiBe i tlSOaQ.ll 

Water Bought (from tbe C. D. Co.) SOD 188 acre-ft.. liH 10% nllowauce for 
seepage aod evaporation , M BOoentBper aore-n., OB net amouBts 187 Stt.GO 

Total RrpemtHiir^s' i..., S8Mt3fi.61 

•The oxpeDses or thecompBDy were almoBl exactly (LTD per acre, and the water rent- 
alspaidtoUieC.D. Co. 11.87 per acre. Thetotti cost to tbe larmu^, thM«tore,.aTeni«ed 
W-OB dlvMed by a.747, or Si.lfper aore-tt.— a very low flmire tor water in CalitonilB. where 
Uie '• water right '■ SreragsB lis pet acre, or Indeed muchinore. 

It must be admitted that the Delta Investment Company took ovar 
such securitieB at a larger price than could have bean obtained from 
any other source. Nevertheless, the securities were reallj.good, every- 
thing considerei^ and quite a few large and appail^tly strange and 
dishonest transactioos were made between the two corporations.- Mom? 
was forthcoming for oonstruction. purposes, but was-eosting tbe C. D, 
Co. $3 for every $1 obtained. The result was that in a.coi]q)le of months 
serious dissensions arose, and in February^ 1902, an adjustment wae 
made cancelling the contracts with the Delta Inyestment Company 
and Mr. Chafiey, who thereupon retired from the enterprise. March 
lat, 1902j therefore, found the C D, Co. a going concern, and Imperial 
Valley a reality, but the parent company, with all its bonds gone, its 
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collateral notes and mortgages largely depleted, no mwiey in the treas- 
ufy, and deeply in debt. Shortly afterward actual results from farm- 
ing under the project were ao ceaesuring that the Company was able 
to borrow $25 000 from the First National Bank of Loa Angelea. 

The contract with the Delta Investment Company was a eerious 
thing for the C. D. Co., but, to be perfectly fair in preeentation, it 
niiist be borne in mind that the financial interests had their confidence 
ih the project violently shaken by advance rumors of an adverse Glov- 
ernment soil report (to be discussed later). 

With the esception of the arrangement with the Delta Investment 
Company, no proper criticism can be made of the handling of the 
finances of the whole irrigation project, as fqr as any of the promoteia 
of the irrigatioii company are concerned. The writer has had oppor- 
tunity and occasion to investigate thoroughly the relationship of all 
the corporations, and in common fairness must state that, though the 
deals back and forth were many and diverse, they were otherwiae 
with very few exceptions reasonable and fair, when the circumstances 
and reasons which produced them ate given the proper weight. Further- 
more, the general aims and plana which the company practically suc- 
ceeded in carrying out do not merit any njore criticism than those of 
the average Weatem irrigation project, if indeed as much. Had the 
break in the Colorado River never been allowed to get beyond control— 
and it never would have happened, in spite of all obstacles, had the 
loan of the Southern Pacific Company (referred to later) been ar- 
ranged 6 months earlier than it wag — ^the C. D. Co. would undoubtedly 
have proved to be one of the most aucceaaful private irrigation en- 
terprises throughout the entire land. 

Colorado Biver Land Company. — It is well at this time to mention 
the Colorado Kiy^r Land Company and the New Liverpool Salt Com- 
pany. The former is a corporation consisting principally of Southern 
Oalifomia stockholders, incorporated imder the laws of Mexico, and 
owning about 1000 000 acres south of the International Boundary 
Line and west of the Colorado River. It owna all the Colorado River 
Delta west of the river in Mexico except 162 000 acres, the location of 
these holdings and those of other- important Mexican land owners 
being shown on Fig. 4. The existence and operation of this corpora- 
tion have lately become important aa being the agency through which 
the United States Government has handled the river control work 
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recently done by it. The company Will bexeafter bs referred to as the 
0. M. Co., as it is locally called. 

■ The New Liverpool Salt Oompanff. — This eorporation waa orgaaiaed 
many years ago for the purpose of obtaiaing salt from the d^l>osita 
in tie botttmi of the Salton Sink,, and began operations in 1884, In 
1904 ite plant was reasonably Babiefaotory in its details and had a 
capacity of 1200 tons of salt per month. The actual value of the 
plant and the salt beds, taking into consideration the excellent quality 
of the salt,* the conditions under -which tte Company operated, and 
the competition it ha<J to meet, is of course impossible to determine 
-vdthout access to the company's records. It appears, however, that 
negotiations at that time were pending for ita sale, the figures being 
«150 000 asked and $100 000 offered. When the water began to come 
into the sink in large quantities, negotiations were dropped, and the 
entire plant was soon buried by. the Salton Sea. 

Operations of the California Development Company. 

When the C. D. Co. was ready to begin operations, there was on 
the lower river a dipper dredge with a 4-yd. bucket which had been 
built and equipped by the H<mi, Eugene S. Ives, of Yuma, Ariz., and his 
associates, for digging irrigating canals near Yuma. This dredge 
was bought hy the company in exchange for guaranteed bonds, floated 
down the river, and, in: August, 1900, set to work excavating a canal 
along the lines marked "Original Intake" in Fig. 13 and then follow- 
ing the old Alamo overflow channel to a point 8 miles below. From 
■that point the Alamo chmmel, with a little diking here and there, 
had sufficient capacity to carry for some time the water needed. From 
the beginning of actual construction until he left the enterprise (April, 
1900, to February, 1902), Mr. Oeoige Chaffey was President and Chief 
Engineer of the Company. 

About 500 ft. above the Boundary Line a teroporary wooden 
head-gate, Fig. 11, known locally as the "Chaffey" gate, waa put 

'TbepnbllBhadanBlrBMof tbe depoBltRlTethefoUoirins BTeraRB; . . 

Sodtum ohlortde M.IS 

Bodinm sulpbate. . -. '. >..... . O.to 

Caldum lulphate O.«0 

HRgDetrtulii eulidiate. I .W 

Inscduble 0.10 

W«ter.,.....- 0.85 

100.00 
The Califonila State Utneraloglgt i-eporMth^- i«lue aa tl pH-tDO'. 
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in. ThiB was a well-designed and well-biiilt wooden, A-fr&me, flasli- 
board gate, 70 ft. long, 15 ft. high, with a plank floor, and founded on 
piling. When it was built* nothing was known or even suspected with 
reference to the rapid and large variation in elevation of the river 
bed at varying flood stages and otherwise, and it is not surprising, 
therefore, that the floor was not put aS low as it should have been, 
but, even so, it was not as deep as planned on account of an unnaturally 
early ffummer flood. The structure was made no larger, not because of 
cost, but because it seemed certain that when more water than the 
gate's capacity should be required, that fact would mean such revenues 
as to permit building the permanent Concrete and steel diversion works 
at Pilot Knob, regardless of all other considerations. In passing, it 
may be said that the construction and design of this temporary head- 
gate was fully equal to that of any throughout the West, even to-day. 
The floor, however, was quite too high. 

At what is known as Sharp's Heading, the Alamo channel was 
abandoned as the main canal, and the controlling works for the valley 
end were put in. These consisted of a wooden, A-frame, flash-board 
gate in the continuation of the Alamo, a similar gate at the head 
of the £ncina or West Side Main canal, and a combined gate and 
drof>, known as Sharp's Head-gate, from which leads off the Central 
Main, the chief canal in the valley. 

This last structure is well worth describing in some detaill In 
the first place, it is a most vital part of the systenl, because, being 
a combination of a drop and regulating gate, were it to fait, the water 
in the Alamo or Main Canal above it would inmiediately be lowered 
far too much to permit taking out any whatever for the East and 
West Side Mains., To realize the consequences of this, it must be re- 
membered that irrigation water is needed every day in the year, and 
that no stock and domestic water for the entire region, except for 
the Town of Holtville, can be had, except from, the irrigation system 
and by being brought in by the railroad in water cars. In the second 
place, for several months consecutively, in each year since 1905, it has 
been taxed beyond the capacity for which it was- designed, without 
developing any serious weakness. Furthermore, at intervals of about 
18 months^ since it was -put in service in 1903, the canal above it has 

• Noibiog rsdU; was hiipirD alxuit Uieobaiigwi In elevBtlOD of (lie river (Md until f Biff 
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been emptied for periods of not more than 60 hours to permit of iii- 
spection and light repairs, but the very first overhauling or extensive 
repairs were begun on January 5th, 1912. 

The writer confesses to a predilection for permanent structures of 
masonry, concrete, or steel, and this gate and the Alamo Waste-gate, 
built in 1905, were nightmares to him while in charge of the prop- 
erties. It would seem that a large part of this was wor^ wasted, 
however. 

Sharp's Head-gate was designed by, and built under the direc- 
tion of, Mr. C. N, Perry, then Keaident Engineer of both companies, 
the fundamental idea being to cut up the foundation into a aumber of 
water-tight compartments. Plates XLIV and XLV show this con- 
struction. 

Where Beltran'a Slough leaves the Alamo channel, a wooden, flash- 
board gate was built to waste water through Beltran's and Garza'a 
Sloughs into the Kew Kiver, but about 3 months after being put 
in service it failed, due to back currents below it. 

The .original plan for supplying the territory to the east of the 
Alamo was to . utilize the Alamo channel from Sharp's Heading to 
Holtville, an earthen dam being used to bring the water to the surface 
of the land at that point. This dam soon failed, and the canal from 
there was connected with the Alamo at a point about 1} miles above 
Sharp's, such connection being made in record time, with a cross- 
section only large Plough for the demand. . The idea was that erosion 
would enlarge it, which in general has been the case, although some 
blasting was required to assist the action. Originally known as So. 5 
Main, the canal is generally called the East Side Main. It, as well as the 
West Side Main, is occasionally broken in places by -the severe rain- 
storms — almost cloudbursts — which occur at infrequent intervals in the 
region. ' To. provide absolute protection against sueb damage would 
be very expensive, and neither No, 5, which owns the espdsed portion 
of the East Side Main, nor the 0. D. Co^ which owns. all the West 
Side Main, has done so. Otherwise, they, aa.weUae the Central Main, 
are quite satisfactory. 

Main canals were constructed from Sharp's to serve the territory 
between the New and Alamo Rivers (the Central Main) j -a aecorid, the 
West Side Main, crossed Kew Eiver to metve territory west of that 
waterway, and a third, the East Side Main, to serve the territory 
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eaat of the Alamo. In 11 months, or in June, 1901, delii-ery of water 
was begun through the Boundacj' Canal as far west as Calexi<;o, and 
the Ceutial Main was put into service in Kaxf^.l^OS, 01; in 19 mondis. 

Imperial Water Companies N08. . 1, i, 5, B,' 7, and 8 were formed, 
and tripartj- contxacts were entered into with each. The C. D. Co. 
constructed the distributing systems for these districts, with the ex- 
ception of that of Imperial Water Co. No. 7* The total length (A 
canals in all these distributing systems was approximately 700 milei 
on January let, 1905, and there were also about 80 miles of canal 
belonging to. the C. D. Co. and the Mexican Co., making the total 
about 780 miles. During 1905 and 1906 relatively little canal building 
was done, because the river got beyond control; and, from 1907 to 
1911, inclusive, the increase has been less than 20%, on account of 
excessive litigation following the vast expenditures for controlling 
the river, and because the canals existing on January Ist, 1905, covered 
85% of the territory now under ditchee. 

With the exception o£ a permanent diversion gate at the river, 
two permanent structures replacing tempotary ones in the v^alley, the 
building of the Alamo Waste-gate (Fig. 27), just above Sharp's 
Heading (June 25th to August . 17th, 1905), and another in the 
Central Main at Station 134 (November 13th, 1904, to January 
12th, 1905), that portion of the canal system completed on January 
1st, 1905, has not been essentially changed or enlarged, and, with few 
exceptions, the original structures are still being used. There is a 
marked tendency on the part of the mutual water companies to replace 
wooden structures with permanent ones of reinforced concrete, but 
otherwise in general the canal systems are as satisfactory as any 
which could be devised. 

The irrigation service afforded to farmers in Imperial Valley la 

the best of which the writer has ever heard. This has been the oaee 

with the exception of three short periods : the winter of 1904, 1 month 

(November) in 1906, and a total of 2 months in 1910, when there 

were shortages of water. Indeed, so accustomed are the water users 

•Tbe vater'dgbta lor all tbe lund south 

Co. Ko. G whidtaoiud be lirlsaUKl by Brarity Irom what wi 

wben tbe East Siae Uain beada— approximately 18 00" 

cbBKr, Ur. W. r. Holt, formed Uutnal Water ComiM-, , 

iTHlsm koA selUag ror U» oim b«i]eflt all the capital stodi of this compaoy. The tact tbat 
tbia deal iraa made at tbe Tftte of S8 p«r acre.liicludliiK ibe conilderatlMi for tliepropor- 
Uonal coat o( tbe conu4)lliiiK worki tn the Taller and of Oie main canal thereto fnnn the 
Colorado RItst, for one of tlie very richest secUona of land, shows plainly'the fluancial 
nralti ot the company at tliat time. 
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of this region to obtainine: all the water they want whenever they 
Wantiti that a suggestion of delivery in rotation. — ^which ia done in 
almost all irrigation pjojects — would doubtlesa meet violent opposition. 
A preliminary summary, issued on December 15tli, 1811, by the 
U, S, Oenaus Bureau, states that, in 1909, 2 664104* acres of land 
were irrigated in California, of which 220 000 acres, or one-twelfth, 
were in Imperial Valley. The percentage irrigated of the whole num- 
ber- of farms was 44.6, or 39 353 acres. The area included in projects 
completed and under construction wfls 5 490 360 acres, or slightly 
more than double the present irrigated area. Probably there will soon 
be 460 000 acres under the Imperial Vall^ canals, or just about the 
same proportion of one-twelfth. Of the acreage irrigated in 1909, 
there were 400 acres (0.01%) under the canals of the U. S. Beclama- 
tion Service; 3 490 acres (0,1%) under the U. S. Indian- Service 
canals; 1*73 793 acres (6.5%) under canals of irrigation districts; 
779020 acres (29.2%) co-operative enterprises; 746266 acres (28%) 
commereiar enterprises; and 961136 acres (38.1%) individual or part- 
nership enterprises. ■ Of the irrigated acreage in 1909,- 71% was 
watered by works controlled by the water users. Of the remaining 
29%, almost one-third is under the canals of the C D. Co. Aside 
from the very large area covered by the canals of this project, its rela- 
tive importance is vastly increased by the vital necessity for continu- 
ous service every day in the year, which has no counterpart of which 
the writer knows, and the minimum daily demand in winter is one- 
fourth of the 11 



Obstacles Encounteeed BY theO. D. Co, 
The settlement of Imperial Valleyf took place more rapidly than 
any. of the men interested in the project had even hoped, and con- 
stituted the most marvelous achievement of irrigation jn the West, 
np to that date' at least, and probably to the present time. On Januaiy 
Ist, 1901, with the ■exertion of a party of surveyors,: not a single white 

• Undoubtedly, the greater part of tlila total )s irrleated oaly after a fsahion. so that 
tlie relative importance of tlie irrigated area [n Imperl&rValtey is much greater tbaa the 
flKnres lad leal e. ■ 

tTliB Imperial Land Company decided lo use tbe name "Imperial Pallej," tor the 
regioa to be corered by tbe Irritation canala. Instead of "Colorado Desert" or "Solton 
Basin." partly u> disCinttulth betweeiD Ibe reclamed and unreclaimed areas, but chiefly for 
theelfectof the mune on readers of the coloaisatLon tile raiure put out by the corapatiy. 
The name, " Imperia] VaJl^y," is (irmly palablisbed as referring to ths ouJtI»ated portion 
oC Che Coiorado Delui west of the river, whether north or souQi of (he InteniatioDa) 
Boundary Line 
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neigued aa A»etietant 'Oetnertit MADBger - and Chief Engineer, and - 
was appointed Oonsnlting Engineer) and the writet wbb appointed 
General 'Manager and CSukE Engineer. Kr: Ew^vood continued to 
act ae Consulting Engineer until October let' 1806, whenbe severed 
his official ■ connection with die company. ■,,;., 

The San Fratieisco Fife.— 06 April 18th had occuired the earth- 
quake which resulted in the great San FranCiaoo conflagration', and 
exaggerated rumors as to the estent of the disaBter made it Be«m certAiii 
that the machinery fot ihe'J)elta waa utterly destroyed; biit that was 
the least" 'important' teault, 'as far as the C. I>. Co. *as coiicernedl 
It appeared that the key cily to Ae Harriman tines was practically in 
ruini, and the Southern Pacific Company, as A' railroad origatiization, 
was very seriously hurt.'' ... ... 

Mr, Eandolph huriied to San Francisco tO join' with the other of- 
ficials in the "^est in conferring with Mr. Hftrriman, who had at once 
started for the scene. There, in the bustle and confusion of tebipdrary 
ofGces, with the Tilins of San Francisco still smoking, *idi the fMilitiea 
of the ro'ad to carry people away from the stricken city ta^ed to th6 
very utmost, with the wonderful railway system wKich constituted 
Mr. Harriman'a life work crippled to an unknown estent, ahd with 
the financial demands resulting fiom the disaster impossible to de- 
termine, Mr. Randolph succeeded in. inducing Mr. Earrinian to ad- 
vance an additional $250000 for controlling the Colorado Biver.and 
protecting Imperial Vall^. It has always seemed to the writer that 
this wa^. really the n^ost remarkable .tbinj; in the whole .chain of 
extraordinary happenings. ,. ^ , _ ..... 

The Situation.— The wi>p(^n head-g^te was ^cwipleteij, and tie up- 
per and lower by-passes connecting it with the break had b^n faiij; 
well started with tJje dredges, 4tpJt^ ani.Betaj. th^,concrete bead-gate 
waa ■welJ..«Bder--way;,tbe. material fDr..,thp h\ill g| the Pelta wfta,.in 
Yuma,. 3nij. thf jn,achin^7 seriouBlj;. damaged,iin San fiancisco; the 
tracks of the Southern Pacific Bailroad along tb^.^alti^n Basin. wene 
nearly.. awash. f9r, a p(«widerablplwgthj,tiie annual «umnipr fit^od of 
ld06 had beguit, aj),A, ifrcan. tbe Weathei^ Bureau 'rq)prt9. frpnj tjbe 
drainage ''baain,wr>uld, be a,>very:large oifs; the drrigation dj^tem of 
Imperial: YaUeyi was already. ,Areat^edr.$t sefeiiai i!itai poif^t^ by the 
exeessivB quantity , of wafejtgciing down ' the; ^^a^o. ehaijael.Dr .Wflin 
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Canal; and friction between the old 0. B. Go. stockholders and the 
new management had commenced. . 

Ho veiy greet d^i^ee Of rdiancs could be placed on the wooden 
head-gat«, cpneidenngr the character of its fouadationa ; and the failure 
or aerioua weakness of that atructure meant the fMlure and abandon- 
ment of th© i^kwood plan for. re-diveraion. The difficulties of the 
Concrete Gate Plan, under the moet favorable circumstances, became 
more appv^t with further investigation, and were very greatly accen- 
tuated by the delay in getting the Delta into commiesion. The proba- 
bpity of the witbdrawal of financial support at any time through the 
discourag^uenit of the Southern Pacific ofScials as to the ultimate suc- 
cess of the work was a serious factor. Transportation facilities from 
Yuma were very inadequate, consisting of the steamers. Searchlight, 
8t. VallUr, Cochan, and the barge, Silas J. Lewis, all of su^ciently 
light draft to navigate through the shoals and sand bars of the Colo- 
rado. There were large quantities of willow brush suitable for fas- 
cines and mattress work near the break, but no timber suitable for 
piling. The nearest point where piles and heavy timber were obtain- 
able was Los Angeles; from there they came by rail to Tuma, from 
which point they could be floated ^own the river only at considerable 
risk, so that it was cheaper to load tbem on barges and bring them 
down with steamboats. 

Experience thus far had indicated the practical impossibility of 
closing the break with a piling-brush-aand bag barrier dam, and there 
were no quarries for many miles either west or east along the rail- 
road, and none, of coursei available except with railroad facilities for 
loading and transportation. Further, rock would require to be trans- 
ferred to barges at Tuma and be brought thence by river to the scene 
of operations. 

Practically every engineer — and they included many of established 
national and international reputation — who had visited the break 
considered a rook fill barrier dam as entirely unworthy o£ conaider- 
atioii, for two reasons : ■ 

Tirst, it was believed that rock would sink into the soft alluvial 
silt bottom and keep on going down indefinitely, even if more and 
more slowly. Old river men quoted numerous instances of Wrecked 
river craft. They cited a dredge, bought a few years before by the 
C. D. Co., which had sank on ita way from Yuma to the upper intake. 
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grftdnall; B«ttlme entirely oiU cf sight in a few mcnltha. The con- 
aensufi td opinion, tberefore, was that any lock fill woold certaiBly 
aettle oat of eight Qulees built on a vecy igtroikg brusli mattren fouii- 
dation, aad the pEobabiUtiee were great- that such amattresa. would 
break under' the load and fail of it» pUiposfe : 

The second vital objection urged against a rock fill banier dam 
was that the water going over it while building wouW dislodge some 
portion of the fill or some one rock at the t<^, therein iqcietwing the 
ove^PQur at this point, which would dislodge more rock and in this 
way quickly result in, a breach which .could not be closed. . : 

It waa-thqught that these cpusiderations not only quite precluded 
the idea of a barrier dam, should the wooden gate fail,- but renderttl 
very dijubtful , the construction of a diversion -dam or tibetiruvtitW in 
the chapel opgosite the gats which would cause a difference m head, 
above, and below it,' great mou^ .to throw all :tbe water tjhrougb. 1^ 
by-paes and gate. This head was variously estimated at from 3 :to -8 ft, 
— the head on thio finished dam would be about 15 ft. at, lowrwater stage. 

On one point there seemed to be a^cpid, namely, tiiat the situatjon 
was a desperate ope an4 without engineering parallel,, and th^t ther^ 
seemed to be, little more than a fighting chance; of controlling: the liyei;. 
No two, of the .nearly fifty, eminent' engineers who visited the scene 
and examined into the situation more or less ,caref uUy;, agreed on aay 
one plan as offep.ng.the greatest chances of -success, but i>ointed. out 
fundemeutal 'neakneseee in . practically all other .methode. suggestei}- 
This feature. was so marked, that when the writer .aMggested;tQ Presi: 
dent Bandolph that the inunensity of the interests. dt^tendent. for titei? 
safety pn the re-divprsion of the river seemed to render, advisable, a 
Board of Engineers, he answered, that he w^iild regard 109 ft. ,of good 
strong brush mattiw in .place on .the river's .bottom .as more valuable 
than the report of any Boa^ qi Engineers whidi <;,ould be. gotten toy 
gether. , ,- . 

The immediate menace,, however, was from the summer flood in 
passing through the Intperial yalley to. the Salton Sea,. The Weatibfir 
Bureau's reports from the upper drainage basin then indicated ^ verj 
great-total discharge, and a peak perhaps as high as 100000,;e^-ft. 
The crevasse had now .enlarged, -and the old chajiiiel,l(elow had filled j^ 
BO that practically all this water — several, tim^ as qiuch as had ^ysr 
yet entered the va.lley— jnust go the new way. ■.,.., , . '■-.■ 
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Summer Flood of J906.v-Plate XLVII shows that, compawd with 
recent floods, the summer flood of 1906 was T«iy large, althougb it 
-haa been greatly ex<ieeded siHce then, notably in 190? and IfiM. The 
inoreaaed fall down the ' Alfimo Bi^er channel resalted by Angust lat 
in lowering the river at the diversion point approiimately 4 ft., but 
it silted up as the flood receded, leaving a net lowering of between 2 
and 8 ft. (Fig, 3.) 

It widened the break from 600 almost W S TOO ft., and rendered 
f^' more expensive, iii time, equijunetit, and money, the task of putting 
the wooden head-gat« into eonQmsSion. The most important effect, 
howdver,' WB^ the danger it caused in various ways in the Imperial 
Vall^ prbper. 

Su<Jh a vast quantity of water going down the Alamo channel was, 
of course, never contemplated in deaigliing 'the new waste-gates near 
S^rp's Headiiig discharging down the Alamo Eiver (built June to 
August, 1906), and at Station 134 on' the Central Main, and they 
were taxed'to their absolute limits. So much passed the Alamo Waste- 
gate that it' caused a recession of the grade in that channel bebw, so 
that the stracturd Was, figuratively spewing, on^^tilts. Twice the chute 
■below the structure had been extended, the last time in February and 
March," 1906, when the equipment was removed just as the Water began 
to go over the top of the gates. " 

By a peculiar and inost fortunate coiiicidence, when the Alamo 
Waste-gate was discharging approximately 3 500 sfic-ft. and Sharp's 
and the Encina Head-gates were being utilized to the capacity of the 
canals below thein, the water in the Alamo above tiiia point spread over- 
bank for miles, going to the west and south aufficiently deep to gave the 
situation; Thus it hat>peucd that vhto the peak of the flood was 
readted, and approxirtrately' 75 000 'aec-ft were going down die Alamo 
channel towaiil the Saitoh Sea, all but about 5 OOO sec-ft. were going 
overbank to the south and west. Had not this most fortunate condition 
existed, the Imperial Valley irrigation systein would early have been 
broken into the de^ channel of Ihe Alaino below the waste-gate, and 
at onee cut tiie'WBter out of every cantil.' ' 

Most of this overbknk" flow to the south and west collected in the 
varions aldtighS -iind fow lands, ■ paiticulatly Beltran'a and Qarza's 
Sloughs, and flotfed into the'NeW Hiver. ' The small channel of this 
watercourse was overtopped; of course, khd"the wafer 'spread out, just 
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south of the Boundary Line near Oalexi«o, for a maximum width of 
about 10 miles. Some of die water overtopped the divide of the delta 
cone, gained the Faredonee obannel, and thenoe ultimately reached the 
Gulf. 

The most critical points were where the New River channel crossed 
the Boundary Line, and a little farther down alon? the Central Main. 
At Calexico and Mexicali this broad sheet of water rose until it cov- 
ered the ground about 4 ft. in depth. (Fig. 28.) The dan^r was 
not appreciated in time to throw levees to the west of the rail- 
road track and thus protect that property. The disposition of the 
towns and the railroads was to wait for the C. D, Co. to build pro- 
tective levees, in spite of tliat company's announced intenrtion of doing 
nothing of the sort.* When the situation was finally realized, about 5 
miles <rf levee — maiimum height 6 ft. — Bicircling the two towns 
and connecting at the north and east yiUti higher ground, was hurriedly 
built. Strong Winds blow in the spring for two and three days at a 
time, and wh«i such storms swept over a wide stretch, even though the 
ground had a considerable quantity of brush, waves were caused ^ich 
made the maintenance of these leveee at times very critical. They 
were held successfully, however, until the recession of the New Kiver 
grade made them no longer necessary. 

Along the Central Main, from near the branch railroad crossing 
west to beyond the "Tive Oat«s" (where the canal turns to the north), 
the water rose so high during the last days of February that it over- 
topped tike South bank of the canal (Fig. 29), and onlyby the most des- 
perate woi^ was it prevwited from overtc^^ing the north bank and send- 
ing water northeastward acroes tlie country to the Mesquit« Lake Basin 
and tlie Alamo channel. Had this occurred, the Town of Imp^isl 
would have been most seriously threatened, perbtips destroyed, end- the 
New River and Alamo chasms would have been joined by a third one, 
about 26 miles long, dif^onally across the valley northeast and south- 
west. The C. D. Co. then greatly strengthened this north bank and 
raised it 4 ft. for a distance of nearly 3 miles. When the sitnation was 
most threatening the citizens of Calexico and Mezicali were called out 
to help hold the levees, while the people of Imperial rushed down to 
aid in the fight along the Central MaiiL 



• TbU was be<»use the oi 



mpany'a Bttoruer advlged that It waa Dot reaponsfble legally 
lt«d Stales by oper&tlotis of tbs Uexlcan Company la Hexice, 
don Which mtsht M considered as an admlsdon ot regpooaf- 
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Both the Alamo and New Biver channela cut beck, owing to the 
large quBiitit;^ of water flowing in them, and the Sftltou Sea began to 
riae at the rate of approximate)? 7 in. per day. The Southern Pacific 
main line there was being shifted from time to time, by means of 
"shoofiiee." Along the branch line from Inqierial Junction to Calexico 
the trouble at the croBsing of the Alamo cfaautiel was far greater than 
ahould have been permitted. At no time. was more then 3 500 eec-ft. 
going down the Alamo, yet this small quantity wae permitted to eat 
away approximately 300 acres of land, in a semi-circular form, from 
the right bank of the channel where it is crossed by the branch rail- 
road into the valley, and caused the railroad to "shoofly" its tracks five 
tim«fi. The alluvial soil of the Imperial Valley is very easily eroded, 
especially on the concave side of river bendg, but it should have been 
possible to control at reasonable cost a stream of 3 500 sec-ft., with a 
velocity never exceeding 7 ft pM sec. 

The luter-rCalifomia Railroad from Calexico toward Yuma had 
been constructed as far as Cocopah and practically all of this was 
under water. The Holtville Intsrurban Bailroad, crossing the Alamo 
Biver, was cut out from time to time, the channel at that point being 
lowered more than 30. ft. This <;auaed serious trouble with the dis- 
chai^e pipe of the Holton Power Company, the plant being left 
rather high, and considerable work was required to keep it from being 
undermined by side cutting. The bead . available, hovever, was in- 
creased by 30 ft. 

: When the grade of New Biyer.had receded to a point about 3 miles 
above the Intgrbatipnal Boundary Line, a large area of adobe forma- 
tion was encountered, and the fingers of the stream began to eat away 
in various directJona and threatened to tear up the country throughout 
that r^on in a fr^btful way. The rate of recession was also greatly 
slackened. , Long before the peak of the flood had been reached, it was 
eyident that the situation along the Central If aia end at Calexico 
was very serious and must become much more so, until grade recession 
^ight give relief. It was decided, therefore, to use dynamite liberally 
in an endeavor to localize the New River's grade receesicai and to 
facilitate its progiess,.. 

From observations and soil and other data at the time available 
the probability seemed slight of such recession extendipg more than 
6 or 7 miles beyond Calexjco, or far enough to endanger lowering 
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the water nuface m> tbe Aluao above tlie contiollisg 'WHcksaud to 
menMiDgthe.vater aupply of the valley before the eimunex flood of 1908. 
It waeknoini Hut ve^. large areaa of adobe'soil exasted in the Qana^ 
and Beltran'A Shiugh couDtry, m that the cutting there vt^ild.be 
very inuoh alowen .There thus seemed to be ooneidersble leewi^, 
while the etram . os tlie irrigation ey8t«m of the valley was so severe 
at Bev^al critical poiets that it was utter nons^nae to tbjnk it oould 
be held tbrough anothei^ flood aeesofl. 

Id thia dTnamittug, fiom eight to sixteen i-lh. atickaof dTPamite 
were tied ia a buadla about a fulminating cap coimefited wit^ from 
S to 13 in. of water-proof foM. < The iue$ waS" then lit and tJie bundle 
toaaed .Jnto the.wstar, A little practice and Careful observation 
enabled one to become guite proficieilt in eatimating bow far the bundle 
of d^amite would bo washed dowp streun by the ourrsit before the 
G«p exploded the charge, and in placing the charge t« get' ntaxanum 
reeuUv- Und«ub$edl7r the course ' of the grade receenon vaa con- 
sideMbl?' chefilced and bad erosion somewhat mitigated b^ this worlc, 
but !t is very doubtful whether, the time of the grade recession's 
passing GalszicO'Snd Mexicali was mai^edly aocelerated. 

Wbea tb^ occurred the results »«Te spectacular in the extrmne, 
the rate of cutting bade at i^is point beiitf fairly uniform at 1 ft 
per min. Tbe tdde cutting of.tite east bank of thb wide, deep barranca 
for several dajs thieatened Caleuco, and carried away a considerable 
part of Mexioali, iBiduding the railroad station, brick hotel, and a 
number of sn;aller. buildings. The actual damage sustained was about 
tlSOOO in Calezico and 975000 in MesicalL 

For a abort diatince past Uexicali the eutting back fallowed the 
borrow-pita of the Inter-Calif omi a Kailroad, utterly destroying it and 
carrying away much of the trftck and trestle material. About a mite 
out of town, the giade rose slightly above the fiood-watera. but farther 
on, for several miles, again, the roadbed was practically deslxoyed, 
although no wore track material was. lost. 

These flood-waters covered about 6 000 acres of cultivated farms, 
of course, utterly ruining the crops. Greater damage, however, oc- 
curred as the grade receded and the 'water rushed from each side 
toward the n^wly-made channel, resulting in cutting back fingers or 
side canons from the main stream to distances and d<t>^' depending 
on the length of time required to drain ofi the oontributory water. 
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8om« of these aMe cafiODB e:^nded 4>a^ f com 2 000 to 2 600 ft. It thti£ 
happened thatabout 8000 acres of improved and 10000 Sgkb of un- 
imprated land were »oded to auoh aq eaiteirt as to be practioaUj' 
mined for agricultural or any Other < piiifmees. ' Of this «r6a, about 
7 000 acres were public land. The area occupied by the New and Alamo 
channels thdmeelVeEf vas increased by about 7 000 acres. 

The greatest damage in the Imperial Valley prefer, faomrer, was 
caused by the destruction of the fiumea in the West Side Uain over 
ITew Biver in Mexico and tbe Ocntral Uain over New BiveP noiih- 
ireat of Imperial, leaving Mutual Water Companies 6 and S widiout 
•watw- until January, 1808. Theee two districts contained about 30 WO 
Acres in actual CultlTation, and were rendered- practically uninhabita- 
ble and- absolutely' wateriest for about 1) ysan. 

Except as noted, agticultural operittims In ^valley -were facili- 
tated by- thS' flood, tiiere t>eiiig at, all timee plenty of water, in t^ 
Ctinals. FroapeCtive settlersi of course, were kept awi^- almost entirely, 
but tlra inhabitahta of the t^lley diSl^yed a remeit^Able ceiifidence 
that the trouble would be overcome, And btisineBS was not affected 
very seriously. Indeed, duringr these very times, the new and inde- 
pendent town site of Et Cetttro was the sc^ie of' -really wonderful 
building aMivity, and the Holton :Powdr Oimipai^, directly and in- 
directly, practically doubled its' plant and holding in Hie valley. 
" The e^ect of this flood, in a geolosical way, Was of extraordinary 
interest and very spectacular. In 9 months the runattAy waters of 
the Colorado bad eroded from the -Kew eod- Alamo River channels 
and carried down into the Sslton Sea a yardage elmdet fear times 
as^reat as that of the entire Panama Oanal. Hie combined' length 
of the channels cut ott was almost 4S miles, the avnage width being 
1000 ft., and l£e depth 60 ft; To this total of from 400 000000 to 
460'06qOOO cu. yd. must be added almost 10% tnore for side'cSuons, 
surface land erosions, etc. • Very rarely, if ever before, has it been 
possible to see a geological agency effect in a few months a change 
which usually 'requires centuries.: 

. Pbepara,tjon for DivERSieN Work. 
Air meestires to prevebt avoidable damage to the iFrigation system 
in the yalley frem llie flOod-waterg- having been arranged, operations 
frere refiuriied On the river. The break opposite the wooden hettd-^ate 
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bad bees widraied duriaff tb« flood iima 600 it to rooila than i joilat 
and neceaeitated woi^ on a far larger scale than had ever bemstiegefted.' 
The opiniona to the ooottary notnitihataiidinp, Hk ability to get Mck 
in Urge quaiititiea and lapidly aeemed to the^ winter to be go eoBebtial, 
aiid:it was bo ob^io^ tlwt much bdtter tranepoTtatioii faiiHittes wer<i 
required, that it wa^ d^ded to build a brftnoh ^ilroad iiOxo. th« 
Bouthera Pacific main lise at a.pf):i;it 7 miles neat- of Tuma (now' 
known flfi Hanlon's Junction) to lie breaJt.,. 

Ihc: located li^ of t^ later-Oaliiofnia.HailToad, cooeti^etion '(ft 
which had been, stopped by the orerflow ti'at«rB,.at.Co(Wpab, rsnonly 
a few huncired yards weflt of Uie wooden head-gate and 160. ftv wast 
of the concrete head-gate. This Inter-California Railroad i? a Meai- 
oan subsidiary of the Soutbern Pacific Company, and it was not difB- 
cult to arrange a change, in its alignment, to crws tbe Alamo where 
the best locatioo for the di;version dam oould be found and to build 
at OQce that portion f^om die br^tk nortb to tbe couerete head-gate. 
Thence northward the permanent alignment inas expensive and wouM 
require considerable time to, construct, therefore it was decided tf 
mate a temporary connectjon of about flOOO ft: from Haplon's J«nc7 
tion to the concrete head-gate. It was arranged that, the Soutbem 
Pacific should build the entire branch line and charge the total cost, 
on a. force account baais, to the C.:D. Co., and when latex, if ever, 
the Inter-California Bailrpad should be completed, all ibat portion 
of tho' branch which, cou,ld ; be incorporated with the permaneat 
alignment of the road ^ould. be taken over by it at such a figure as 
it would co^t at Uiat tim& Thf ^tre^h.fiom Hanlon'a Junction tq 
the western line of: the lands of the C. P. Co. is in the Yuma Indian 
Reservation, and, accoiding to the rules a^d. regulations of the Interior 
Department/ it .would bave tahen: some tiipe to acquire aright pf.way 
for tbis portion. As it was feared that special pe^mifsion might not 
be quickly obtainable, nothing whatever was said, but the -line was 
sunply ..built.. .Such a course was deemed justifiable, considering the 
gravity of the situation, the necessity for; haste, and tbe very small 
discretionary powers given to Government. p$cials in. such oases. As 
aoon as the ^istemce of this .track was no longer absolutely vital, 
permisaipn was requeeted in the usual. way ^nd in due course was 
obtained. . CoDstiuctii»i pf tbjs branch line wasbc^^un on. July Ist, and 
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OH AugHMt 15th' tile firat train load of materials passed over it to &« 
LoT6r B«editig. 

: Quarry.— The grarnte point of roCk oh which flie concrete head-gate 
was founded Beemed fav&rable for qtiiiAty developing a qnarry where a 
large qoantity of rods mli^t be obtaiOedy and inrtmctiona were given 
to do the- best possible-with it. The roek is a aecond-olaas gtanite, and, 
before the first oloshig was completed, a quarry had been devetopSd 
with a 600-ft. face aver^ng- 40 ft. IH beigiit. The development of 
^B'qi^rry and track rebm idr 6tatfit care, locomotives, etc., called for 
ibe building of a large Tard of sidinga and spurs. This qUarry was 
entitely on CD. Od; Idnd^tiat bought froifl Hall HanlOn at the very 
begiiiiiuig.' ■ ■ ■ . ": 

ClayPii. — Between the quarty and the ' Boundary Line, and about i 
mile weat of the branifli railroad, there was- ah opportunity to develop 
rapidly 8' olay pit. ■' Advantage was taken of this, and by the 
time the firat closing Was completed; there Was a ste&m Shovel face 600 
ft. long and averaging <0 ft: in height. The day in this bed is rather 
hard and'Teqnirea Borne blastii^, but it melts down in water, and when 
mixed in' about equal proportiona ' with the cemetit- gravel from the 
Mannridith grave! pit makes a very impervioua' material for dam 
conatraction-/ 

■The Mammoth Gravel P-Jf.-^This pit is on the Southern Pacific 
Sailroad 41.08' miles we«t of "Hanlon's Junction. It had been thor- 
Aaghly developed at that tilne and bad been used for ballasting the 
main line for ntore than 100 miles in' etlch direction. It la the property 
of the railroad, and the material obtained there is fairly hi^h ini clay, 
the'resuU bcAig essentially a cemcnitihg grav^, which inakes the' surface 
of the 'track 'almost impervious. 

-Other Quarries A-vailable.^At 'Deiilez, k point on thfe Southern 
Pac^ific Railroad 195 miles West of Hanlon's J-uUction and 49 miles east 
of Loa Angeles, there is a large, well-equipped quarry of very good 
granite, from which material for the' cdbstruction of ihe breakwater at 
San Pedro Harbor, 19 mil« southwest of Loa Angeled, is obtained. 
The output of this quarry is very large, the rock running up to 12 tons. 

Near Ogilby, T miles weatj a large area is covered with lava "ni^er- 
head" took, essentially one- or two-man size, -v^'i^ had been in part 
denuded to burnish rip-rap around the railroad btddge over the Colorado 
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at Ynms. The trada, hoivever, bad been torn up, And no stone bad 
be«i obttdued tberefrom in Tears. 

At Ta<ma, 52 miles eaat of Hanlon-'a JuiHitioti, there wu « quarry 
formerly naed by the railrMid bnt abandoned becauae thO' to<^ ibtm- 
from waa small and of poor qualit?. • >' ■ 

At Patagfonia, on the branch line south from Benson toiiraTd 
No^lea, and 870 miles east of Hanlon'a Junction,' tbet« was a well- 
equipped quarry controlled by the Southern Pacific Its output waa a 
reddish limestone, considerably smaller than that at Declez, biit yet 
frequently tuminff out KV-ton rock. 

These four aources of supply constituted the utmost possibilities, 
aside from the quarry which might be developed at Andrade.* 

■Bruah.-^^j no means all the area cotitigiionB to th6 Goloradb is 
coTCred with willow brush, but it occurs in spots, of ten of very lai^ 
extent. Such areas on liie west bank of the river near the Edinger 
Dam had been cleared away, and west of the old Main Oanal there Was 
an old shallow lake which, though now drained, waa practically barren. 
All brushy therefort, faad to be obtained from the south side of the 
break, and with an average wagon haul of about 1 mile. The growths. 
Tanging frOm 6 to 18 ft. in heigbti were ideal for fascittea and mattress 
work. Maili and branch roads were cut by Indian labor in order to get 
tiiis material tO the front rapidly. 

Dredges. — ^The dipper dredge. Alpha, and tfcre suction dredge, ITefii, 
were in reasonably good condition, but the former could not be used 
in the sand bar left exposed in the bottom of the break when the waters 
receded, because the material slipped down to such a flat slope that it 
would have imprisoned the craft. After doing all it could in the by- 
pass and more solid ground, it was started to deepening the old Main 
Canal toward Algodones. Dams were built behind it from time to time, 
and water was pumped into the canal at' the upper intake to keep the 
machine afloat. The quantity of water required indicated a sur- 
prieiUgly smair seepage loss from this old canal into the surrounding 
country, and this is in accord with the unexpected experience with the 
coSer-dams of the wooden and concrete head-gatea. 

Sieamers and Barges. — During the latter part of 1905 the Mexican 
Co. purchased the steamer. Searchlight, 91 ft. long, 18 ft, wide, and 

side o( 
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flrawins, without load, 18 in. of water. It liad a barje, about 56 
ft long and 26 ft. wide, on which most of its.loed wab carried. The 
Bteamert Goehan, 135. ft. lou^ and 31 ft. wide, the JaTgeat, oq the 
nT«f,' bel4»iKed to Yuma paxtiea, and as it had b«en leased by J. G. 
White and Company for hauling: materials and supplies t(> the.Laeruna 
Weir, it was not available. There was another steamer on the river, 
the St, T'oUi^t, 76 ft.- long, which waa a little smaller thaa the Search- 
light and iq, very ppor condition. In addition to ^lese there was the 
barge Silaa J. Lewii, 116 ft. long and 36 ft. wide, which waa fitted with 
a donkey engine with which it pulled itself up. stream. This barge was 
rented for $16 per day, and it£ deck was cleared for mattreaa weav- 
ing. ■-..•.■ 

Grading Outfits. — The Soutiiem District of the Southern Pacific 
.Company — from Santa Barbara and Fresno, Cal., to El Paso, Tex. — 
has enough reconstruction and bettemient work to keep two or three 
grading contractors' outfits at work except during the very hot season. 
An arrangement was made with one of these, Shattuck and Desmond, 
to supply an outfit on ^e force account schedule pAid by the railroad, 
with proTisions for the payment of all duties and for all stock dyins 
from heat This firm secured, fed, and housed- its ■ own laborers. 
Inasmuch aS: there was no veiy definite plan; as to the wgrk which 
would be required, no contracts were feauble. h«Dice ^ .force ac- 
count arrangement. At one time about'806. head. of this firm's stock, 
with complete camp equipment, Fresno . scrapers, plows, etc., were 
on the , work. , . , 

, Materials and Stores. — Arrangements were made "itb the Southern 
Pacific for equipment, materials, .and stores, on the basis of cost plus 
10%, and for freight charges of 0.5 cent per ton-mil^, until the pro- 
visions pf the. ..Interstate Cominerce Commiaaioii prohibiting such 
freight arrapgement went into effect Two steam, shovels, were brought 
in for quarry work and one for the clay pit. Complete ■ work trains 
were requisitioned from time to time until a maximum of ten was 
reached. A roundbpuse foreman and an assistant master car repairer 
were sent by the railroad company, and temporary, but effective, plants 
were installed at Andrade. Three carloads of repair parts and stores 
for engine,, car and air-brake repairs were sent out, used from, and 
returned when the work ended. All requisition blanks, rules, and other 
organization methods of the railrpad were continued. 
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When the 8outh«ia Pacific boilt die Lucin Oat-o£E, conaisting of 
a long trestle bridge and an iauDenBe fill acrosB Great Salt Lake, ill 
Utah, there wei:© bought a large number ofsteel side-dim^) caw, of 
45 cu. yd. capacity, locally known as "battleehipa," weighing appn^x* 
imat^ 20 toaa, and having, a capacity of 100 000 lb. with a penniBBiblc 
10% overload. These .Care were frequently loaded to 125000 lb. on 
this work, as the trip between the Andrede <juarry and the break did 
not exoeed 4 milee. At £rat SO of theefi cafa fidte secured, and mbije 
and more were sent until about 300 were finally in-service, .Sut^- a 
quantity of railroad equipment necessitated rather extensive terming 
facilities, and these wer« provided on the American side of the line 
because of the eUEtttHns iegulationa of the Jdezican GoTemment. . 

The railroad from Hanlon's Junction to the Lower Heading, the 
quarry, clay pit, steam shovels, etc., nere' under Kr; Eologio Carrilh^ 
AsBietnnt Engineer of the Southern Pacific Oonstniction Department, 
from June let, 1906, to July 21st, 1907, aa a superintendent of the 
O. D. Co., from which he receiVed his salary, the railroad giving him 
leave of absence for- that period. . All the men.undCr hia dirieCtion, 
however, were carried on the Southern Paisfic psyrolla, and bilk were 
rendered later by that corporation to cover this axpenditure. 

There were two reasons for having- the railroad company supply so 
(rraat a quantity of labor, equipment, materials, ohd supplies.. Firat, 
it afforded an opportunity to assemble quicldy a thorouirtUyocgaoiEed 
and efficient force of men; the advantage of obtaining materials and 
supplies at low prices by the purchasing department of the Harriman 
syeteane; immediate shipment of repair ports not kept on hand, thus 
reducing delays to the minimum; and the abili^ to increase or de- 
crease rapidly the force and equipment without confusion. The sec- 
ond reason was that, no immediate easb was reiiuired, alid as bills of , all 
kinds were not usually presented and approved in less than about 6 
months, approximatdy 8% in interest wae saved. All bills were ren- 
dered at actual cost phiB 10%, which thus mefint really cost plus T%-^ 
a very low figure for auperintendence, etc, ■: ' 

Whenever any train, equipment, or men left the main line aBd 
came on the branch line they- reported to and were under the juvudic- 
tion of Mr. Carrillo, who in tlim r^wrted to a'nd wae undfer {he sole 
inrisdiction of the writer. In this way no misundenttauding «roee, 
and the entire force obeyed instructions ss: quickly and fully as though 
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there were absolutely no connection between them and the Southern 
Pacific. 

Storehouse at Lower B ending. -~T)v.ty had to be paid on everything 
taken into Meinco, but, neTerthdeas, a very comitlete atordiouee of 
repair parts, small tools,' etc., was established at the Lower Heading. 
No requisition system was put in, however, becaTlse it was felt that 
ttie losses which wonld thus occur woilld amount to much leas than the 
delay due to any form of red tape, whataoever. Everything received 
was charged to the work, and at its 'dosing down an inventory was 
made and the work was credited with the value of the material left. 

■ CHmatic Conditions.— From about June Ist to the middle of Sep- 
tember or October Ist, the temperature 'Ol this region is so high that 
until 10 years ago it was not considered advisable to conlanue lai^ con- 
struction work during that season. There can be no doubt that 
ordinary labor is only -from one^third tn two-diirda as efficient in such 
heat, and during this particular year the general average seemed to be 
about one-half. There is little wind during this p«iod, and the 
humidity is ordinarily very low, though occasionally it is quite high 
for periods of two or three days; 

Mosquitoes are frequently a terrible peet, very often driving even 
cattle out of Tegiona near stagnaiit water. There is relatively little 
vegetation about An<bade, and at the I<ower^e&ding a largn camp 
compound wa» entirely cleared and the sitagnant pools in the vicinity 
drained at a slight cost, so that the mosquitoes, while annoying, were 
by no means aeriousj ■ , , 

Brush and arrow weed growths are so dense that white men, no mat- 
ter how well acclimated, cannot work very hard in cutting th^n. down. 
Men from tiie oentr^ part of Mexico were imported, but they could 
stand it little better. Indian labor is the only kind for tj>at sort of 
work. 

■ Labor Oondithns.~-'rhe work of rehalrilitating San Francisco after 
its disastrous conflagration drew therean immense amount- of shifting 
labor. To the south Los Angeles was growing in every direction. The 
Harriman Lines, under President Bandolph, was employing large 
numbers of men confttmetinsr the Wast Coast Bailroad from Ouaymas 
toward' Mazatlan and Guadalajara. Much betterment work waa in 
pn^ress on the lines from Los Angeles to El Faso, and large forces 
were required for birilding "shooflies" and shifting track along the 
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Salton Sea; J. .3. WliiU and Company was lushing work od the 
Lagmna Weir, and the neolaioadon 8emc« waa building the Snoaor^t 
Dam near Pbceuiz. Thoa the labor fiitnation in Calif omia as a whole, 
and in this pert of CaHfornia in particular, waa acute. The immi- 
gration laws of the United States prerested the importation of llex- 
icans, except in- a very small way, bnt here the work was in Uezica 
It wag decided. tiieMfore,. to obtun laborers froai Centrd Hexieo^ ship 
them from El Paso to Yuma in bond, and bat^ into ]l£exiao at the 
Lower Heading. Airangementa were made with the Labor Agent 
for the Southern Pacific, Southern Diatrict, Mr. Ben Heney, of Tucson, 
to ship 600 men. This plan was an utter failure, for two reasons. 
The Mexican officials did their beat' to prereut Hr. Heney's agents 
from getting men started, and the 75 mm who ariiTe<j were, laneble 
to stand the climate. 

Attention was then tnmei] toward getting Tndians in large num- 
bers, and arrangements Were' made with Mr. C. E. Bagenette, United 
States Indian OutiDg Agent, with the result that, by the time wo A 
was in full swing, pTacticallf all the men, women, and children of six 
Ittdian tribee .were on the. work-r-the Fimae, Fapagoes,. Mariccqtas, and 
YumaSi from AnBana.^.al>d.the Cocopahs and Dieguenos, ironl Mexico. 
Tluese sis tribes fraternized and -got. along together withcnit an; difS- 
culties wliaterer, and eonstlCuted'a separate eamp of about 3 000 people. 
'MfOnt 400 woi^kmrai could be depended oa from this collection. They 
WOTQ t)aid SO eentk an hoor^ taid erer; 3 men receiTod in addition one 
rnan'f pay to go to: a squKir for cooking their focni. The Indiana 
bought' their own supplies, Atd to.nvoid duty bmlt tfaear camps on the 
Arisoftabank, croaaing the d*yqhRnn6lb«li>w the break to and from work. 

Indisit: labor was vei? satisfactory, and, ; indeed, just what other 
Brraiigement:conld have been made is very problematical. Under in- 
telligent foremen who understand their peculiarities, chief of which 
is lack of* aasurance and consequent timidity in going ahead with 
work, they are quite satisfactory. They must be paid weekly, and 
very fisv ca>) ever be induced to work on Sunday or to put in over- 
time, regardless of how criticill the stage of work may be when the 
whistle blows. 

Very fflrtunately, indeed, an unexpectedly large amount of float- 
:ing labor came in front every part of the United States, men who are 
attraoted to any work which has acdiieved notoriety for any reason. 
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Once on the graund theee men did not vork angr gieat length of time. 
A woTk-tKBln ran into Tuma every msktfor ^tiotiiuoiia and supplied 
returning eariy in the morning, and it alweye carried a considerable 
number of cheerful capitaliate out. and aaddet and wiser men: in. 
Yuma at that time was "<ride open," trith all aorta- of hires which few 
of theeeflosters could resist,- To idist extent tlie. work vould have 
suffered .hed Ytuna tbm been« chtoei' tdvn, ae ii: is now, is a quwticm. 
The general wages paid 'wera^ 

.Pile-driver foreman ......,,, ,60 cents per, hour. 

Pile-driver donkey runner..... .43} . " " " 

Good pile-driver helpers SIJ to 37i . ", " " 

Ordinary labor 27i to 30 " " ," 

Work from 8 to 10 hours per day. 
Board deduction, $22.60 per month. 

Commisaary tind Catnp Piatu.-^The umjal outfit cars, were provided 
for all men carried on the rolls of the raibioad^ and tnany weie bearded 
in tile dining cars, which were a part of Ur.- OarrUlo's permanent co&- 
Btnotion outfit -The -remainder of the men were bonded by Mr. li. 
Ci Threlheld, of 8an Francisco, who had and still. has a contract witb 
the railroad to. board all gangs ei^aged in mainteiiaane .of way aid 
-bettwment work on its tines.' Jir. Threlkeld to<A an eSBentiail; similar 
contract for ffieding'the white lahoren of tiie CD. Go:, lihe. first contr^jcst 
being for 26 cents per meal in the United States and 40 cents in-Uezice, 
the contractor -to-'pay all .customs duties cm -material and supp^ee. 
After the second break, -&nd when the ntork was continued at Freaid»it 
Bixwerelt's request, it was deemdd probable that the Mexican Govern- 
ment wo'idd refuitd 'duties ' on provisionB - thereafter^ so t^at.the con- 
-tract^wflfi cLariged on January .let, 1907,- to 25 .cents per meal, tlie 
Mexican Co. to pay-the lintiea. Tlhis 'contract -covered meab:for; all 
white laborers; including men' on dredges, oa. ihe aitanwr SaarchUght, 
etc., and gavg Mr. Threlkeld the exdusive- sailing of clothing, tobacco, 
ttotiona, etc;, to the Idxirers. The Indiahs bought reiativdy litlle itom 
him', however, preferring to deal with Yuma merchiuti witft whom the 
local Indians were very well acquainted. 

Excellent board for the men was insislied on and furnished^ It was 
believed that good hoard, especially with l<rt8 of freeh vegetablaB; frould 
-be a large faolor in keeping mien on the-wdrk, and this was found to 
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be the ijBBe. Large numbera of moaquitoes' were >feaiie<Ji in spit« of 
pneautionB taken, bo bonk houeee were biiUt^ with brush i«sQBda im&i 
and carefully and effectirel; screened: all- round; These pTecautiona were 
not esactly necessary, but wete oevertbeleSs w^ worth tJieit coet. 

' Policing of (7ai»iis.^~-The many different claaseS' of- laborers od tbe 
sunejob and under Mexican laws made iteflSential to hEkre elective 
polioe arran^m^ts, and ' bar liquor from the camp ftbaolirtcly. The 
Tumft Indian Banrpation extends totheline, iwi, in addition wae then 
&Dd until 1908, apart of San Die^o County, and a "dry" region. Aeross 
the river in Ariaona is "wet," but the United States laws agaimst sellinfi: 
liquor to Indians arfe rigorously enforced. In' Ijower California;- how- 
ever, th« idea of ' liquor control has not area germinated, and it 
was necessarj' to ptomiae to prevent 'American Indians froin 'getting 
liquor in Mexico before permission could be obtained to take them out 
of the United States— and this was ' quite proper. Accordingly, 
arrangements wer6 made with the Uexlcaii autliorities to put' the entire 
Tegion under martial law, and send a force of ruralea with a military 
ooibinandant at tlieir head to police tbe camps; Tbn (iroved extremely 
«fiScient bird satisfaclary; and there' wasabtohitelyilo'disarder'at'a'n; 

* Ciuiome and Duties. — ^£xc^t foi' the' operations' of the C. D. Oo.i 
there 'Was no detelopment in Mexico along the river; therefore, until 
1903, the nearest custom house in Lower Cellfomie was at Ifexicali. 
A garrita was maintained at Algodones; however, 'where material go- 
ing down the river to laod in Mexico was passed. During the construc- 
tion of the Edinger Dam, all (tamps Uid supplies werelcept on Disaster 
Island in the middle of tbe river, ao that ihere were no customs charges. 
When the construction of the wooden head-gate Was begun, endeavws 
were made to get the Mexican Government to establish a customs office 
at Algodones. temporarily, but withotttsuooeas. Accordingly, all bills 
of material to be passed bad to ke'sent to'the custom house in Mexi- 
calii there the charges were assessed, and th^^ manifest was returned 
to Algodonea before the goods could be ti^n over, whieh was Verj 
cumbersome and slow. - 

Another method of getting goods fleross tbe line was taken advan- 
tage of , naniely, by boletas; The Mexican Government permits eatth 
individual, on payment (rf- duties, :^ily to take across $20 (Mexican) 
worth of dntiisblo stuff vrithout tnanif est, and the aiithorities agireed to 
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permit good^ to be-passed at the Algodones gamta b:r tbie boleta 
Bietbod, hsriiig indiTidnal ranployeeB of die company aiga the bclatoa. 
Id this way raneqwnciy atufi waspused. 

Under tbe ooiicessi<H> of the tfaxicaD jOa., maciiJoeiT and mftteriale 
for permanent <!on8tjruction was to be. admitted without duty, but the 
intention of this pnmiion was pUinly fc« the coii^raiiy to make oirt 
a list of what would be required once for all, and that such freedom 
from dutiea would apply to the original entry «f the :ma(^imei!y aiod 
material, -and not to subsequent repair pertSi ^^ Obvious^, it did- sot 
contemplate the refund of cuBtcnns ohargee in Bi^cb .a ease as dosing 
the Crevasse. Nevertheless, it seemed prcdiable.that^e ou«toms chafes 
for material and sullies other than: provisions would be refunded, 
because the Mexicui Qovermnant itself was vita% interested in stop- 
ping the break. Tentative negotiations toward this, end were started, 
bat the procedure for securing eucb permission is a long one, and it 
was advised that tii^ nork be prosecuted and tbe request f«r refund 
made after, ita completiDn. It was also made plain that no refund 
would be givenfot dutiea on piwTisions,' as it was iupoasiUe to deter- 
fflme that tiie provisions passed. wcve bU Actuallj' uaed on the woik. 
When the work was completed a request for a refund was made, and, 
on President J>iaz*s rtoommendatlon,. the National Congress, by Tote, 
refunded Bppn>zinwtely7I>% of bU duties pbid, amoiintiitg to more tban 
$40,000: .-.■■..:. 

The ehief objeotifln, therrfore, was the red tape, involved in passing 
goods, and the delays whii^ f oUowed ' atiy slight technical mistake in 
clasBlScatloiL Jia an illuatratlon ; ^ftn inG^p^otor investigated the CUS' 
toms transactions of the period about a yCAE. later, and. aesessed a fine 
against the c<»npany for |3 000 for utilieiug the boleta method of 
psasing emergency ntatvials and .aum^ea- On proper presentation of 
the ^cts, bowever,^thi3 fine- wa0 remitted. /Stock wU^ hamees and 
grading equipment was pdrmit^tobe pSssed into Mexico under bond 
for a period of 6 months, as ailao wa* machinery, which provision 
assisted very: greatly in tkt. work. , 

All payrolls, time checks, receipts, and l^al papers require stamps 
to be affixed and oancelled, inspectors ; from time to time visiting all 
corporations and chewing the books. Xi any' irregUlsritiee are found 
in the books or. papers for the 6 mon^ immediately preceding, such 
inEipector is thai permitted to go bttcl(..to th«'t>eriod of Smo&ths imme- 



by Google 



IRBIOATHtll AND BITEB CONTBOL, COLORADO itlYSB 1336 

^iatdf preceding that, etc. If, li6wefrer):eTer7thiiig iaragubr ior.tbe 
first 6 months preiceding, ^«t operates to pc<^bit infection prior to 
that time. These iilBpeotorg get a oonaidershle pereentage of fineB 
Bseeesed and collected, and are cenEequraitly quite zealousi ao that it ia 
profitable to obey the stamp law acrupnlouely. 

Necessity for Mexican Corporation Doing Work. — On taking 
charge of the affairs of the Mexican Co., the writer found that np 
to that time work done in Mexico had been paid for on the American 
side of the line through the C. D. Co., and in this way no Mexican 
Btamps were required for payrolls, time checke, etc. In otfiep words, 
the C, D. Co. had its forces go oyer into Mexico and do woric on the 
canals of the Mexican Co. directly. As this was obviously contrary 
to tlie spirit of the Mexican laws on the subject, arrangetnents were 
made at once whereby tile Mexican Co. did all work in Mexico and 
billed the C: D, Co. therefor at actual coat, the C. D. Co. turning 
over all materials and supplies required on the Mexican side of the 
Line at its expense. . ■ , . 

Mr. A.' F. Andrade, now Depositario for the Mexican Co., rind As- 
sistant General Manbger of the Inter- Calif oriiia, was toade General 
Agent of the Mexican Co., and was in charge of all negotiations 
between that corporation and the Mexican Government, and to his 
tact, ' energy, and ability is attributed the relatively small amount of 
irritation and delay encountered. 

Occasionally, rules and regulations had to he disregarded, and this 
was done when it wiks deemed quite necessary, knowing that the local 
officers would report such infractions of the laws, hut that the higher 
officials would view such infractions very sensibly when sooner or later 
brought to their notice with full explanations. For example, before 
permission was given to run trains into and out of Mexico after 
dark, a serious situation developed just at sundown, immediately re- 
quiring rook at die Lower Heading, and the Mexican officials at the 
Boundary Line would not permit trains, to pass. Their protests were 
disregarded, for while the officials under the circuBistances could not 
act otherwise, it vt^uld have been folly not to have disregarded their 
orders, considering the urgency of the matter. Proper explanations 
were at once made, and the company was not criticized in any way 
for the action. . . 
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Difficultia in doing work in Mexico are lately due to iipiorance of 
Mexican oainditioiis,: anstoma laws, and personal cbaracteristicB, and 
doubtless are no greater than a Mexican would encounter in doing 
work in: the United States. It is very deeirable for the highest officer 
in charge of work to speak ^aoieh well, «b minor Mexican officials 
ftre far wore impressed with a statonienli coming from him than from 
any subordinate .officer. 

Methods of Diversion of River Through Rockwood Head-Gate. 

The triangular ^ace betweai the two faces of the A-frame and 
the boriaontal cross-bracing- of the wooden head-gate was made into 
a long pyramid, by flooring the bottom and sidea, which- was. filled with 
sand taken in by wheel-barrows, in order to give additional weight to the 
gate in resisting the buoyant effect of the water. 

Sy August fith the discharge of the riv« had fallen to 24S00 
aec-ft, and directly beside the Rockwood Head-gate the receding 
waters had exposed sand bars on each aide of the main ch^nd — the 
situation being as represented by f^g. 23, When these sand bars had 
dried sufficieutly,. teams were used in throwing up an embankment on 
the line of the diversion dam, BruaU jetties were also used to nar- 
row the channel, the Beta assisting. In a little more tli*n a week the 
stream was narrowed to 600 ft., the river gradually falling. Work 
was then begun on weaving a brush mattress, 100 ft. wide up and 
down stream, and sinking it on the bottom of the river. The decks 
of the barge, Silas J, Lewis, were cleared and skids were rigged 
thereon; J-in. ateel cables, 8 ft. apart, were anchored to "dead men" 
in the north bank and unwound from spools beneath the skids, such 
cables constituting the longitudinal strength of the mattress; and to 
these were fastened brush fascines averaging 18 in. in diameter and 
100 ft in length. These fascines were built up between vertical pins at 
the upper end of the skids and bound with baling wire, and as they 
were completed they were pushed down to the last one in the mattress 
and sewed to it ' and to the supporting cables with |-in., 9-strand, 
galvanized-iron cable and cable damps. Fig. 30 shows the method 
of sewing and fastening. When a length of mattress equal to the 
width of the barge was completed, the barge was slowly pulled from 
under it, and it caught the silt and at once settled heavily to the 
bottom. No kind of weighting whatsoever was required. Another 
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bsrge width of bifittresa was then woven ami k . 
SO' and 31 show the method of conatractiBt -i^ 
niimber of Hien sm{il<)7ed. "' 

It required SO winking days, with two ^ifta, '^ ^_ 
two matti'esaea, tfiie on top of the other, acrow the fc,^ ^ , *' 
or a total of ISOOft.; thus the average rate «m <6 Ih^ j. ' ' 
ft. daily. Thte work vent ahead without intemption « {.«, 
eept that once the anchor lines controtling the barge wtti fj-^ 
with sofficient C'ate and ihe firat' layer of mattreea was not fc„^ 
in s straight line, but curved down Stream in the middle mtu^ " 
ft. at the niaximum poitit This, howeveri waa not imporbtnt 

The prevailing idea as to the necessity for such bottom pr'>v«' 
in the riveif may ■ be ■ better realized itom the fact that seven! h. 
gineers irith the 'longost experience on the river joined in urging tW 
a solid canvas back be sew^ on the under aide of - the mattiM*, !• 
waa feared that the water might stitrt a wash .ttrmigh a break in t^ 
mattress, that euch a strsam would carry the sand from below, came 
8 depression for the mattreea to span, and result in breaking it when 
weight should be put on' above. This, howev», was deemed un- 



While the mattress work was being compl^^d, a ^pile railroad 
trestle with 10-ft. bente was started acroas the center line of this 
f oundallon^ decked, and a - railroad tiadt bnilt thereon. This trestle 
was driven from both ends, and was ready for the passage of traifis 
on Septanherltth, 6 days 'after the ' completion of the mattress. In 
the mean timei the eaorthwork across the north sand bar had progressed 
ffuffleient^ to .'connect tho rails, so. that trains could run out on the 
trestle. On the. south side,- the jetty work and the B^ict had built up a 
sand' bar -on which' a frame . trestle on mud-sills was erected, connecting 
the earth lemb^mikmeirt on the south sand bar to the trestle, thus 
affording tail room for trains. This frame trestle was filled in with 
material from' the clay pit at Andrade. 

At this stage, brush fastanes were put in between the bents of the 
trestle over the channel, laid longitudinally with the etream, and 
Bimk t^ rock from the qua*ry at Andrade. The rock, was loaded 
intO' '^attieshipC'' with a steam shovel, hauled doVn, and dumped from 
ths trestle.' In this way a difference of 6 ft. in water ^evation above 
and below this diversion dam was attained with no difficulty whatsoenrer. 
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- Heanwbile the by-'pdse in whichtiie IBookwood ^Kfid-gate Btood was 
beingeDlarged in several ways. The Alpha had cut a small channel 
from the crevaase to the gate from above and from' belov^ trough the 
solid girnind, and the Beta had ^lai:ged theee cuts imiil it was taken 
over toaseist in the jetty work oa the BOuth side of the rivei. A small 
ditch was cut with' teams and aciapeiS across the: sqnd bar, as an 
extension of the. down-stream end of the hj-pass. This channel was 
excavated to the water-table with Ereeno scrapers, and made as narrow 
as possible, reliance b«iii£ placed on. Raising it by the eroaiqn of 
the water. In two oc three plaoes;-' ddobe deposits, of considerable 
extent were found, and in these dynamite.was.ueed, as already explained. 

The Bteamer, Searchlight, was anchored in the upper by-paas for 
two or three dayS' with its rear end against the bank lotd the etem 
wheel kept going as fast as possible. Thie greatly hurried tiie erosion. 
The increasing bead on the diveni^nidam aided these methods of 
enlarging^ the capacity, of the by-pass until on October 10th only 
about 1460 sec-ft. :<if the river's total discharge of 14300 aec-ft. was 
mvt'going' through the. gate. .(.■■■: 

The alignment of die bypass wae unfortunate, as 'it: bad i^uita a 
sharp curve, and the upper end left the river at a sharp aQgle. At 
this point ontting heigan, and to prevent it a small brush inattress was 
woven and vreighted down with rook. 

It was soon seen that, with :the i^t.- opeaiiiigs between, them, the 
A'frames of t^e gat« caught the drift in the wBt«r very badly. An- 
ticipating this, cables had been 'Stretched across .tho.cntisnce of the 
by-pass and fitted with grab-hooks, like fish, hooka on a trout Une. 
These grab^books. were.of |-in. wrought .iron fastened with froin '6- 
to 8-ft^ lengths of Bewing 'caUe to the cable ^^s at int«rvttta of about 
8 ft. It was hoped that these would catch drift where.it could easily 
be removed, and prevent trouble at the gate. However,- they did very 
little good. . .. 

When the current through the g&te increased to 6 or 8 ft. per 
sec., a scour developed both above and below; Soundings showed 
tiiat the acouT below the gate was not. at fdl serious, but wasreaMy 
far less than had been anti^pated. The. eddies at thA ends of the 
.gat« caused side-ontting, as. is always the cade, but Irtally. nothing 
alarming. The scour above the gate, however, was surprising^ great; 
some was expected; but not nearly as much as occnrredi BrUsb and 
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rock ezteDflioQ of the apron, as shown on tbe plans, bad not been pnt 
in as it had boen the intention to use rock from Andrade in lieu 
thereof. When Boundings, which were taken frequently, showed that 
tbe bj-pass bed waa eroded to tlM level of the floor of the gate, approzi' 
mately 1000 cu. yd. of rock were loaded oU a barge which wae swung 
in front of the gate and held by cablee until unloaded. 

Failure of Wooden Head-Gate. 

On October 3d a serious settlement of the earth filling in the 
north abutment suddenly occurred. Excavation was at once made to 
aflcertain the cause, and some small leaks in the end wall on the 
up-stream side of the A-frame were found. These were stopped up, 
and tbe earth was leveled to only a few feet above the water surface- 
on the outside. Two days later the lower wing-wall in this same' 
abutment apreed out' at the bottom on the west side. ' Tbe gate itself 
buckled up about O.S ft., about one-third of ita lengtii from the abut- 
ment, such buckling apparently occurring vei? slowly within 24 hours, 
ending on October 5th. These signs of weakness were accompanied: 
by the tearing up of the up-stream apron in relatively small sections, 
which were at once thrown against tbe A-frameS by the current. With 
great difficulty these were tsiken out piecemeal, and then only in part,. 
These, together with the drift which ficcumulat«d, caused a head of 
4.4 ft. on the gate on October lltb. At this time the discharge through 
the gate was about 12 000 eec-ft.; the maximum discharge through 
it -waa about 13 000 eec-ft. on October 8th. 

Thetre indications of weakness showed that it would not be safe 
to use the gate- after closing the break, and that it would be very 
fortunate if it held until this could be accomplished. Furthermore, 
the drift made it very difficult, if not impossible, to set the flash- 
boards. Accordingly, on October 6tb, a pile bridge was begun just 
above the gate and connected with the track to the south by a frame 
bent trestle supported on mudsills — the same construction as haci 
been utilized on the south side of IJie channel. This trestle was fin- 
ished in the morning of October 11th, and it was intended to dump 
Tock from it and -fill up the gate in this way and not attempt to use 
tbe flash-boards. 

When the first rock train waa slowly pushed over the trestle, at 11 
A. H., three benta of the frame trestle settled and wrecked the train. 
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fortunately inj^tnng no one- aerioaeJy- Jurt why construction, which 
on ^parently die worst ground on tiio aov& side of the main <^aiuie1 
was entirely satisfactory, should haw failed hete, is not fcoOWh — things 
happened ^^reafter too rapidly to find out. At any rate, had the 
trestle stood and had the large nuniber of loaded ^'batUaahipB" hdd 
ready been dumped, the writer has dwa^s believed that the head-gate 
would not have failed utterly. Be that aa it may, at 2 : 30 p. m., with- 
out any warning, the gate suddenly huckled up at a point about one- 
third of the way from the south abutment (fig. 46), and the larger por- 
tion — from there to the othflv abutment — floated dotto stream about SOO 
ft., where it lodged. The remainder of the gate stayed in plaoe, although 
it' settled in the c^itral end. When the gate went out, the 4.4-ft. 
head above it caused a destructive wave of water, carrying large quan- 
titiea of drift And dfibris from the wrecked gate against the railroad 
trestle crossing the by -pass about 800 ft. below. In about S min. thia 
damaged the trestle seriously, and would have marooned, a locamotive 
and train standing on the south nde of the by-paae bad not the en- 
gineer tak^ chances aOd pulled acroas^ befoul the piling be^n to 
go out . 

The pond 'abOve< the. diveAion dam extended some distanoe up 
stream and contain^ a large quantity «f water which 'hadto nin out 
before the flow through the byp^isa WBa redilcedto the disoharge of the 
river-: By the .titoe this occurred; coosiderable inroad had, been made 
at the point where ibhe.upper by-pass- left the. river — which had been 
protected by a small brush mettr«8S-r-and for a time it threat^ied 
to woric down t)o and through the earth portion of tine dam. Aggressive 
work was centered tbeiv, end eu,ch action was finally arrested. 

Closinq the Break with Bock Fill Babbibb Daus in Series. 
The lowering of the water above the diversion dam left it dry, 
except for a smpriaingly tanall qnantity of >leakage, and enabled at- 
uninatioQ. of the rock fill which had been produced by an ever-in- 
eraa»i« proportion of TOck with reaped: to brush. This condition of 
a&irs seemed'.tD indicate that .the reasons urged why a rook fill .daini 
of considerable height conld not he 'built iU & ruhniog stream were 
not altogether strong, and au^eated the possibility of very quickly 
oontiolliiDg the sitnation with a series of rock: £11 damst. each of Which 
should so st>in a head o<E not-mbre then 4 ft.' This pattioular dam 
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had stood BvoceseJullr a head erf 4 ft withoni a 
prophesied ' for cbnatnictitig' rook £11 damH i 
the tracks of the Southern Pacific Company on the Sfci*.'^ i> ^ ,. . 
an extremel; critieal condition, and the BOutbern t/»«^>r . .^, * 
linO' would Boon he interrupted, at an estimbted cost tA %. // ft , 
month. It was obvious that, if this were to be prerentMl. %*■'! ; ,,v 
action was necessary, and if hope should be abandoned, i»,''*(.'i...* 
of financial support in. controlling the river was almost a *^»*ir n.i 
Furthermore, other plans of controlling the dtuation po«k«m>i >v.m 
serious difficulties, as already -esplained. 

As a matter of insurance; however, a rush order was wired i'lt 
additional semitis cable for.building a diversion dam aaioss the CnW 
rado directly opposite the concrete bead-gate, exactlj' as bad bees 
done aucceasfuU; ot4>oaite the wooden headfgate to divert the rircr 
tbrough th^ former structure, and as had been done with the otbei, 
trusting to dynamiting', dredging, erosion, etc., for enlarging the 1 
miles of Main Canal thence to the break. This done, the trestles, across 
the by-pass, above and. below vhere the wooden head-gate had heen, 
were repaired, and a third tTe3tle,i'30 ft. above the lover pn«,. was 
huniedly thiown across this stream, which Was carrying the entire floi* 
of the river, t^ watenflty. through the opening: of Uk gate beit« «nly 

iso;ft.>trid6i ■■ : ' ■ ■ ■ 

Such method of closing the break and ifoiicing the ^ivei down the 
dd' channel.^ three rock fill; barxier dams- iti series was tj^refote 
considered problematical- only . because there was ' no mcttrees Tmdai 
any of ^m/ and the brush mattress idm had always been'j!flgarded:,«B 
essential. The; branch railroad from' Hanloii's Junction, to the Lower 
Heading was. now !n excellent condition, tmd the Andrade QOarry was 
sufficiently deydoped. to. permit the use of. the two ateam shovels, proi- 
ducine about S-OOO-cik. yd. cf-Tock daily, by working, ni^t and 
day. It was felt that with these facilitiea, together with the rock whioh 
could be obtained from quarries within a distance of 400 miles to 
the east and west,' rock could be put into the stream faster than the 
water could carry it away. 

As a matter of fact, these tlaree dams were built up so rapidly 
and successfully .that only 10% of the water was :going through the 
by-pass by October 29th, most of the remainder — S6D0 sec-ft.-r^going 
over tbei'divetsioa.dam witii file ntattFwa foundatiom Here,, a seO- 
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ondaty: troetle, witii 4-pile bents, 16 it. ^att, paivUel'to and 30 ft. up 
etream from HtB firet; had been liiilud, and fn>m the two a K>dc fill 
dam vroa completed, Cuming all tho water-^9 2Tfi sec-ft — down the old 
chtlimel and' actually closing the break on November 4ih. : That is, 
after Wot'king on other: lines continiiontrV for 16 loiontha, the stream 
was conlxoUed by a rock -&1 dam in^24 days. In other ^ords, the 
rock fiD barricir dam plan, 'which bad not been advocated, or indeed 
seriously considered, by a single man, proved to be- a very sbapleand 
efficient, though e:ip»isiTe,. method ti re-diTerting lie river. The fact 
that there was a very substantial briish mattress foundation, however, 
was deemed by many aa of vital imp^rtejice. 

Leakage thFougb the structure was stopped by dumping "battle- 
ship" ' trainloads of graVel from tbe Mammoth gravel pit and clay 
irom the day pit, the whole being puddled with firA sbreans. The 
£eta, which was ke{)t above the diversion dani in order to be takrai up 
the river. and used in, the intake atxtTC the concrste gats, was.nsed in 
widening the up-stream 'toe of ihedaaiB. ' 

' A week ^nd a half after the f ailtBre of the wooden bead-gate, the 
suecees of the series rodk fill dam plan' seemed assured. The A2pAa 
had flatshed its trip op the Hain Oanal and eut into the excavation 
in which the oonerete head-gatehad been built. The intake- from the 
riTer to the concrete head-gate was completed, and by October Wth 
ihe river at this point had been raised approximately 4 ft. l^ opera- 
tfonB'at' the break. The daim holding out the river here, and tbose 
which had becin lc€t by the Alpha on its way vip, were blown out, and 
water c^mnenoed to fiow tbrongb the oonerete headigate' and Main 
Canal into the Alatno channel below ihe diversion^ operations. The 
initial diachargd was about IBO sec-ft., and had increased but Httfe 
when the rivet rtj-diVCrsion was complete. At that time (Wovember 
'4tii) the water height at vftrious points: was as follows (G. D. Co. 
datum): • Above the d«m. ............. ..113.0 ft 

. ' Below the. dam;.....". ■ ■ 97.3 '" 

Opposite concrete bead-gate. ...114.5 " 
Floor of concrete gate 98.0 " 

': By iKovember-lMh oiriyiSOO sec'^ft. were flowing in lie Main Canal, 
^le fall of 17 ft. in these 4 smiles not having resulted in tavek erosion, 
beeanse of several stretches of Sdobe depoaite, though ^e burrent was 
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Quite strDng. Dynamite was used, liberally, .ftnd fcy Denember 5tb 
the grade recmBion was within. 1 mile:Of th« head-gate.; in this way 
continuity of supply iji^o,, the- valley was kept- up, .and- the water users 
sufiered relatively little inconvenience. 

In making the first -closing, -rock was-, unloaded frcan the three 
trestles across the -by-pass: and two trestles over ^e main channel. 
Records were kept, da^ly of, car lo^^s of rock from Andmde and from 
the distant quarries unloaded irom each trestle, hut this record, un- 
fortunately, .has been jmi^lai^d, ^and. .the totals ;obviouely ..signify 
□othing. As the quantities ,of various materials used ..-during the entire 
period frorp. Augu^.lat.to Nocemben^th may he of interest, they. are 
given ,in Tabfe. 13. , :...■.. 

: CO*IPPE1^0 THE HlNn;I>AM... ::; 

The dame octoss Uml break and the by-pass werahurried to com- 
pletion with materia from ' the . Mominoth gisvel pit ajid the clay 
pit at Andrade. -It was decided that the fitrtacture should have a top 
elevation of 124, and that meairt inereasiii^ its height fully 8 fL The 
tracks over the trestles were raised so rapidly that no attempt was 
made to recover the stringers or caps, ' ■ ■ 

- TABLE IS.-^Aefboximate Data Of: CoNSTRCcriNG . 
DivBRSioH \Vqrk.-oh Colorado RivER._ 

2 2D0 cordB o' "bruBh and 40 miles oC ste«l cable used In mattresseB and sbore protection. 
S8l»(t.oIrailwM,ti»stte. -,, .. . ,- 

iSSOOrt. orSbylT-lu. Or^roQ t>lDefitriagerB. 

_ ,6000 

■8(83000' 

BUH«H1B(8«000^„,_., 

900 OOO ca, ;d. ot eautb, plact^ -, .., 

!no OOO CD. rcL of earth, placeil b; areAtes. 

»U to 500 head of mules and horsea irorklng from Jul; to November 90Ch. 

SOOmenln JiiDe,'lil««k8laf tolOOOmSa'oDNoTember 4th. - 

Dlecharge ot rlv«, Juno OTlh, .90 SOO sec-f t. 

n, — t. • .1 — '— L-B .actual wcrt or constmeHiw ohaiinel was beffun, August 6i 



Blentlon of water aboya dam, 
„. — j._ — '— -TBurtooebelo 
dng, }6.S ft. 

r surface belo ,. .. 

Oi Hovainber lltb^ lO.Tt ft. 



:, irben flual closing was made, SIS sas-f t. - ' 
" ivefcc, D, Co. datum; 



Elevadon or^retersurfoce below dam, W.SO ft. aboieaea level <C. D. Oo. d 
Total head on closing, JS.B ft. 



The tracks were gradual^, pulled together to a .final 13 ft. between 
center lines, which helped eqioewhat, but the. pcoperiside slopes .w«^ 
chiefly obtained with fire, streams, five li-in- nozzles, each throw- 
ing about 225 gal: per min., being used.; The miscd ' materials . a^ 
dumped ; assumed a slope, of about. 14 to 1, as. a rough average, and 
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these' were very quickly and cheaply flattened down liydiaulieaUy to 
about 2| to 1 on the river Bide and 2 to 1 on tbe land Bide. Fnr- 
tliermore, the slopes were Wally well finiBheJ with Very slight addi- 
tional care and expense. ■■.'.■ i.: 

In its final' form the dam has bbmrt 400 ft. of 16° curve at the — - 
north end, and 2275 ft. of tangent • tbe dani'ia Connected at each end 
with the levees extending along tbe river. At the ndrth end there 
are 200 ft.' of high dailo with a rock fill core to within 6 ft. of tbe top 
—where it -cros^ tbe by-pass:' -A little more Ihan half way toward \ 
the other end there ia 6b0 ft. of another high stretch with- a rock ^ 
cdre on bruSh mattress fowndfltion; the remaiiader id from 16 to 20 ^ 
ft. high. This is known as the Hind Dam, so called after Mr. T; J. 
Hind, Superintendent of the work at flie Lower Heading after June 
Ifit, 1906, to distinguiah it from: the- Clarke £>Am, -closing the «econd 
break, so called after Mr. 0. E. Clarke; Superini»ndsnt of tbe second X 
qloeing, DecembM 20th, 1906, to February 20th, 1907. About 80% of ^ 
this dam w«s .complete on December 7th, 1908^' \ 

LeVEB CfMSSWUpTIQN; . 

The original plana had boon' 'to eonnect the^lwrth' abwtioent of Ae 
wooden head-gate with the enibankmerit' along the river side of the 
Main Canal, and to build a short, section of leyee to the south, to pre- 
vent a flank movement of the river arpund the diverting dam.- The 
enormous channel ^vbich thg, ^Hmnaer flood .of 1906 c;i:eated in the. old 
Alamo made it obvious that, not only must the hreafe he closed,' but 
that, by a rather elaborate levee system; sM! ovejflo* water niuat be 
kept from getting around iQtp ,the Alamo. . Suit'eya and, examinations 
showed Use. nsceeaity of. an,:additional .levee from the wooclen head- 
gate to the concrete head-g^, and a levee froiu .die' diversioD dam i 
south for from 6 to. 6 miles. - J. C.AUison, Assoc. M. Amv Soc. C E,^ 
Asaletant -Engineer- of .the Mesioan Co., was assigned to make surve:ys 
for these levees on August 1st, and their lodation was^ completed early 
in September. The elevation of the top of the concrete head-gate \ 
ifras 124, and it was decided to piit a t^ack over this structure and 
extend it dijwn the levees, so that fhe gradfe Wfis made 136 at Andrade, 
124 at tbe LowM Heading and over the Hind Dam, 'and thence for 
4 miles south, generally 6 ft. above thft old high- water marts. 'At 
SlI points the -grade \viis feept ajqiiwxirrtately SJ'ft. higher than-tbst 
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of tfa« levee opposite : the Tuma Projeet, beeause, should the. latter 
break, th^ datnage would be far leea thtm if the levees on the west Bids 
were to ful, with re^iversion of the river to the SfJton Sea. Be- 
tween the bead-gate and the Lower Heading it was neceaaary to Jocate 
tiiB levee very cloee to the river, because it must obviously be between 
the river and the Main OanaJ, and awne large areas of bad adobe, 
damp, Bod. impossible to work with. teams, lay close to the canal and 
extended well toward the river. Below the break, the ley^ was also 
close to the river, because of the similai soil (^ooditions for about i miles. 

LEVEES CON8TBUCTED BETOflE OECEMBEtt, 1»M,WHEHB 

GROUND SUHF*ce WAS SMOOTH, WITH NO INDICATION OP 

fOftMER SLOUQHB FORMED BY RIVEB OVEftFLOW 




The levee was designed with a top width of 8 ft. and slopes of 2i 
to 1 on the river side and 3 to 1 on the land side. The ground for 
tie base of the levee was cleared and grubbed, but no "muck-ditching" 
Vas done. The deiirebility of muck-ditdiing was fully realized, and 
it was a part of the levee design. Experience in the valley had always 
shown that, not only ditch and ©aaal banha; but low Iiordens of irri- 
gated' fields, etc., leaked badly when water was first applied. Indeed, 
interesting cases ' were cited of water da eansiderable. volume dis- 
appearing into the ground for several' days, doubtlesg' flowing away 
under the surface through partly opened cracks of buried layers of 
cracked adbbe. 

On the other handi the nioney BU!q>Hed'by the Southern- Pacific 
Company was for elosing- the break, and only for that purpose;- lintil 
the pe-Hjiversion of the river waa asaUMd. . No narrow construction 
was placed on this, to prevent building levees at all; but it was not 
considered proper to incur efiy itvoiddale expense 'in tliis direction: 
until it should have been clearly demcwistrated that it was physieaJly-' ' : 
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possible to close: the -btvak; No niuck-ditdhing h«d be«n done in levee 
bi]iiding on the Yuitia Project up to tiiflt time, andi besides, expe- 
rience in the valley had always been that cracked adobe layers when 
thoroughly saturated and rinder the weight of a iew feet trf earth aowi 
Goften and the lindergTonnd interatioes automatically olo«e. It was 
thoiight that the leveea could probably be maintained until their bases 
would thus Boak up tight, although it wae certain that they would 
leak like siev« when water first came against them. For these reasons 
the mucfc-diteh work in the lev^ plans waa ordered to be' omitted. 




LEVEE COMSTBUCTED AFTER 0ECEMBEIt,19(M 



Material ioT the Iffveies was taken from borrow-pitg : on the land 
side. It was fully realized that this was not in accordance with 
the usual practice, but it' was d^ided tm after careful considera- 
tion of the advantages -and disadvantages. :Tbe location of the levee 
was fOTced'veiy. close to the river for a great portion of the way,, and 
the levees of the Yniata Project, on the o[^)osite side were also so 
close tO' the stream that the distance between was in many places only 
1 400 ft.— an exceptionally narrow waterway for such an unruly stream 
as the Colorado. As it was certain that the current at flood stages 
would he very great in suoh sections, it was extremely desirable not 
to disturb in any way the rank vegetation between the river and the 
levee, as it could not help but greatly break up and retard currents 
and thus protect the:levee from «roBion. 

' ■ E^^ence with the levees of: the. Turns Project showed that the 
' "hope that boirow-pitB would be silted up was vain,, and instead, that 
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they would be cut together to form a continuous canal having eddying 
currents below the traverses' during htgfa £ooda, unless exteasire- -brush 
abatis worfc^was used. This sort of protection was deemed very un- 
satisfactory,' because, though the Ifexicaa Co. aclunllr owns the 
land on n^iph the levees were located in Mexico, it is practically 
impossible to exercise very much control ove the Indians, owing to 
the indifference of local Mexican authorities. The Indians have always 
utilized any overflowed areas along the river as they wished, for their 
little garden patches, and these levees must absolutely cut off such 
water. For a long time it was utterly impossible to keep these nomads 
frop» planting seed in the borrow-pita, where the ground remains 
wet'the lon^at, and... from, destroying all brush gro.ntha that start 
therein. It waji considered impracticable to maintain brush ^atis 
woii, which, when dry^ would only make it easier to bum oft the 
area in front of the levee for a garden clearing. 

On the other hand,_the land spoiled in making borrow-pits was 
of little value, being non-irrigable under existing conditions. There 
are no quicksand pockqts above the water-table in that r^on, and, 
tbe soil being alluvial silt with more or leas sand intennixed, there 
was .consequently no fear of water-aoaked material running, such as 
occasionally causes levee trouble elsewhere. There is also along the 
river no surface soil, crust, which it is undesirable to disturb in levee 
building. 

The only pertinelit objection to land-side borrow-pits in this case, 
therefore, seemed to be the matter of increased total head, which 
it was decided did not outweigh the advantages of an undisturbed rank 
vegetation as a protection against the erosion of the water slope by 
Bwift currenta 

These levees were built by the Shattuck and Desmond grading 
outfit on force account, with the intention of changing to a yardage 
basis as soon as possihleJ On Decetnber 6th, 1906, about 1} miles above 
and below the dam, respectively^ had been completed, 5 miles more were 
under construction, and the ground was cleared for another 2 miles. 

Situation of the Oalitornia Oevelopuent Company and thb 

Mexican Coupant. 

. ■ ; About November 16th, 1806, the various operattoBs along the 

: liver were making satisfactory progress, and the writer for the 
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first tixi>a ^ipce.JiiDp lat left th^ .zivet, :Iiujr;i9<jly .inreBtigated. the 
c<mditipQ ot:tb»- G. I>, Qo. and .tiiQ :He^c«p .Cq.;piid repoit^d 
hia findings toward ' the :«iid of. tlia^ meCt))-' At a result of tltifr 
irhen.the setnind break.- occarred a few. dafs .later, lie advised 
against- further advancea by the Southern Facitfic Company, and Presi' 
dent Randolph concutted And so , reported to Mr. HarrimaB. The 
fact that auch. a- ;de<]iai«n waa made by .the Hsmnianint^estH un- 
qualifiedly bias mrt bwn generally accecit«d without 8on»e mental reeet^ 
vations. It maj ho inteTp^iitg> therefore; to make sotneesoietpte from 
this, report. .Th& balance sheet for the combined O..J)k Co. and-Mexioan 
Co, waa approximately: as follows: 

'' ' AmetS. 

Seal egiate (chiefly: in Mexico).. .;..- . $646 037.26 

Stocks- (chiefly unfi^a wBte^ etodt) . . I .^;\ V . . .^ ■.'-.■...;■■ ■'ITSSOO.flO 

Plant: 

Machinery and equipment. ->.. $179 621.82 

, Branch pail^oad; track. .;...>... ......... ,.; 63pO0.()!).. >. ,-; ,.-. - 

CanaJa. in Mexico,....,,,..., : .S7^O!0g.OO . , 

..Canals.in IJnited States,.^,. ....:..,.■...,_ -..SOSSim. ,.. .... 

..,., .„ -vT^TT-r-r— r- ■ 926238,19 
Accownis-w^v^U (ehi^ notes, M^oar^ by.w^t^ eto;^). .. 235 137.0% 

■-■'■■ ■'T6tal■■^;:■:.■:...■.;".^^■:..:■:■.■.■/;■!;;.■■:...■.".. '$1882012.47 

UABILFTIES. 

S. p. "Co.— Audited bills and interest.'..'...'.'...".! ..'.,!.!. ."$1 532 595.73 

General audited bills and intere.st,. ........ ..- ,. ■■ -,- 73 786.72 

Bonds and accrued interest.'.,!'.'. ......'..,..';. .' ..-■■..■ 515200.00 

7, ■ " "'7' ■■ ■ ; 'k'i.1 ^■ ' " "■ ' $2121582.45' 

Datnage ckmhw. (probable), : . 

N«w Liverpool Salt Cp..,. ............. ...■ , $60000.00 

Land owners . ,,;..... -. , 200000,00 

. "Water Companies N9S..6: and 8.-...:. .■..■ 500000.00. 

' ,8,, p. .Co.....,..,,...-...-...!..."........, 1000000.00;.,. 

lilt©p-Califoniia.E.,E,— S. P.., ,.,. 250000.00 ; . 

':. . .:,,..-,■■-: 2000000.00 

■ ■Toiai:..."... ;,."'.":; v.:.:. ■■.:,.'........■...;. "..$4121582.4$ 

Nfet liabilities. :. . .'. . . . ; . .... . : . .:;.... :.:... 2 239 569.BiS 
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The poaaibiHty of extending the canal aystem and selliilK additicinal 
water rights was di9<njsaed,' and- ^e opinion wbh offered tittt Such pos- 
sible retuPna Would probBblir juet about Siiffiee for bUildiBg a oanal 
from the river into the valley, tct take the place of tie Alamo channel, 
which might be nec^aary in 5 'nt -perhaps not for "20 yeart; abd for 
building new controlling works on it in the valley. ' 

The conolusions were that maintenance and operation exp^neee, 
properly eBtimated, would take tip thd returns from the sale ef^6&000 
aere-ft.' per snutitn; The o<ist'of ppoteotkngr the region from the' Col- 
orado flood-waters 'waS set down as prtAilematic, probably- averaging 
$100 000 per year, and fluctuating enomknisly; and it Was advised' tbat 
the task of controlling the river waa.to,o serious a tax on the enterprise 
((nder wiy, possible circumstaoceB^ while iflteroational .coinplituitiouq 
would probably mean considerable delay in .ftKrangiu^ for :suq1i wo^ 
equitably and satisfactorily. 

The- Second -BiiEAK. -■■■' ■■ ■■■ 
On December "Stb; 1906, a severe flood came do tvri ' front flie Gila, 
as shown by Plate XLVII: Superintendent Hind' and the writer, who 
were in Imperial Valley at the lime, received teteghipbicntrtitie from 
the" water-shed, "and went at once to the river. For reasons already 
explained, trouble' was '6Xpedt6d' from wafer gettifigdnder 'th^ leveea, 
beca|i;e. po ^iiauck-ditch protection had been provided,, and' a large force 
of men was detailed to watch the sectioQS for a mile on either side of 
the Hind Dam day and night as soon as water came even n^ar the river 
toe of the levee. Tnforination from the upper stations throughout the 
Gila water-shed frequently' indicate floods which never njaterialize, 
and this was' another case of the' "truth itself " being not helieved. 
There; wap so much accumulated work in the valley that there was no 
time to watch a discharge of 30 000 sec-ft., although a river' stage 
which would test oiit 'and' soak up the levees was obvioiisfy of ^at 
importance. Mr/'Hind and the writer were in Tuma,"returnitig'to the 
valley, when the'flood reached the Lo'wef 'Heading, 'Where the' riVer began 
rising at midnight and rose at the rate ofl -ft: per hour until thfe peak 
was reached early 'in the morning. At 3 :30 a; ii. Mr. Hind' and the 
writer left Yuma on the work train, reaching the Lower Heading 
. about. 5 :15, a. m., and found three serious and distinct breaks within 
■ jpO.yd., the first one being about 2 400 ft. from the- aoutlj end of 
Hind Dam. In addition water was flnding its way under the levee in 



by Google 



.IRROSAT-IClN iKD WV.BR OONTBOt, qOLOKiJlO BIVEE' i3&7 

about nijDdty other pldcM, ni^fain the^tKetahwhere.Ui^.water iq^ehed 
the toe of t3ie leree.oi abdutiimils dbdvc'^n^ an-eq^ifl diBtanoe tiqlov 
tie dam. Mr. J. C divert, Gkaeral Fot&man, had fully obeyed inBtFHO- 
tjans; and when the water began toireaeh the toe of the levees at the 
lowest ' point, had comniencwl work with hUforee of about 75 men, 
doing all that aeemed poeaible. The trouble was not that any one break 
could not have been easily handled, but that so many points of 
weakness were developed' practically at fhe s&nie time. Indeed, it is 
really remarkable that the situation got beyond control in only these 
three pkcea. 

A part of the: general arrangements with the Inter-Cslifomia Bail- 
road was itS' use of the Hind Dam. On the south raid of this dam 
t^e prcf«6ed alignment turned a small angle to the right, and it was 
planned to have thefiU for the next 2 miles without ai^ openings-^ 
constituting thus «■ spur leve© to prevent any water irfiich- pafieed 
thrbogb t^' Tokia -leveedfroin re^tfainf; the old cbarnid of the 1>reak 
beyond the dam. Had this fill been ready, or had the first serioDls 
break b^en 500 ft. farther altrng, Bafld'bag diking acrosa'thetrav^Tses 
ami (JUt infe'th*'brusli ttt'fdrcfe'the'wateirto spread oiit'and follow an 
old and well-defined ewale •wtich enterrf the' Alaroo 2 mileb beyond, 
would have-been eaaily^oaaible: '■Iri 'eHheP case, tSe damage would 
bave^been liftiited'to tesiiig ]c£b than 1 000 buJ yd. oflerree section, ^ 

Aa it was, however/ the^w^ler cotiiing thrbugli the breaks filled ■the 
boi'TOw-liitB on tne laad-flide, overflowed the intervening traverses, arid, 
as the land in general sloped westward, over-topped the last traTersi 
by the chanbel of the break below the dam, and caused a rapid grade 
recession from there, following thfe borrow'-pits through the iiearest 
breitk. Whfen Mr. Hind and the writer reached the scene, the' first of 
the thre^ breaks was beyond control, and the situation was hopeless. 

By the time the grade recession had reached and passed through Ute 
break, the flood had crested, and the water had risen against the levee 
to a depth of about 4 ft. The wafer rushing thi'ough rapidly increased, 
and cut into the far side of the bank, and was defleiited and began cut- 
ting into the land side of the levee. This soon breached the dike about 
IWO ft. from the end of the Hind Dam. This breach becairie the main 
break, tihd was rapidly widened &a& deepened uulal. Within ^4 hitra'T^ ; 
ib6 old'ehaiinel was again entirely dry and the Tivei''had been re-divfert^ ' 
into the Salton Sea. " ' ^ 
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Tbc men of the'?rAding'oii4:fit en^ftged on levee extensimi woi^ 3 
mileB dovn the rifer were flobded'out, &ni t\tei ^teaoMr BeatckHght was 
sent to Teliev« them. The re-^ivemion into the Satton Sink oconrred 
BO rftpidlT-' that the steamer \raa teft gvoimded there in the old (diaonel, 
and inasmuch as it was the only craft on the river not cAntrolled by the 
icontraotorB on the Laguna Weir^ this.was-a aerions matter.' 

Tub Sovthern Pac^vic Quits. 

This disaster brou^t to the higher authorities of ^e Harriman 
Lines a thorough realization of the size of the great task of co&trolUng 
fbe Coloiedo. The imperative need of invulnerable levee conetrubtion 
for at least 10 miles along: the river was made evident, and the- difficulty 
■uid lioet of building and maintaining such a gystem waa eempbasiEed. 
Entii^tjT aside from the very great cost of batib protection 'work to prs' 
vent the breaehing of levoea through, the side cutting of ,tha banks, 
wajs thedifficult? of building ui auoh bad 90il a litui pf daffaioe. which 
would be^bsohitely dependable. , 

The fiuanpial condition of the CD. |Co> >»od fhe UjK(i(^n..CQ., as 
juat explainedf was ve^ bad, and,, luider tlie most favorite cinmm- 
atancea j»»3jble, the chancea of the Harriman interests, ever bedng 
sbl^.to get .back very m\iqb. of. tha.i^OB^rs already advanced v«ie 
eztretniely remote. In addition, hovi^var, it wo». ivp^rcrat that an un- 
usually efficient and: expensive: leveei afstup would be i«QU4red, the 
first Eind maintenance t^qst pf which was too large a burden to under- 
take. . , ., 

The stockhqlders of the jrEigatiop pjropertieB notified the. Southern 
f aciflc management controlling thent .that l^e properties could not be 
-.expected :to da. such overflow prqtjection work^ and mdeisd' ^ould not 
pay more than,, & proportional part baaed, on tbe total, value of the 
pjK^r^. intert^tfl in jeppwdy, eepeciallr.. in ,view:of .tie inwienee 
SJnount.of work whidi Md already; been dprw at its eqienae. Urging 
that the. irrigation company had paused., the m^ace. .(whii^. iqajr (»" 
.DCLBy ,iiot be, entirely,; the ,cs#e). bad' not the elighteat sijjpiificaqce.to ,tlie 
SQitthjem.^.acific.in^e^ipstH, whidi were.. reaUy,.thp, only., onaa w;tii..any 
funds, eoU^tpsfiV: ,P^ : ^^iP™^** ■ ^Pll; were. JB,..,no' possible aext^ 
je8.pwisibl5-.,for,.. anj changea.ip ■pliysical.;conditions, ftlong; the Colo- 
itadQ. River, except. ;tp.nwk,^l.hpni very ipuf|h, better than; they., otlterwiae 
Vould have been. • ,'■■ ■ .■■ - 
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On t^ other Jiand, it was reaognized that something . would luive 
to be dohe ^err ijniokly. because the sucniiiei flood of 1907 would iu tii 
probability. ' eauae aufih grade recessions as to force a- hurried exodus 
from Imperial Valltff i?hieh would be without* a parallel inhistoir. 
Tie ohancea ,of such, grade tecessiQii estendiug far enoagh:to,reBder the 
control of the river after that flood very much more dif^ult, were re- 
BlotCt The matter w«a made complex by the fact that all Work had to be 
done in Mexico and practically all property interests in jeopardy were in 
America; and there were no provisions. State or National, to handle 
euoh a curious situation. Unless lie river was turned and kept going 
to the Gulf, the Soutiieni Faciflc would suffer the loss of its trafGc 
from the ■ Imperial Valley and would have to change 'its Kne and 
build 100 miles, of track, hut, to obviate these lenses would liertainl; 
not justify it in undertaking to control the river single-handed. 

Accordingly, the people of Imperial Valley were notified that, 
while the Southern Pacific would be very glad to place such equip- 
ment and. organization as it had along the. river, at the disposal of 
any party who wanted, to proceed with the work, and- would be willing 
to contribute toward .th& expenses thereof in proportion to the value 
of its intei-eate as o<ijnpiar6d: to ■ all . others in jeopardy, it would. not 
sdvBjice additional ■ funds without a definite aprangement fwr -bei&g 
reimbursed- Wm^*! on a- roadbed following the- —100-ft. contour was 
ordered and ■rushed to ctnnplelJon, The cost of . grading was very 
anall, and such . a line would preclude the possibilit;? of the interrup- 
tion of ta'anseoQtinental: tral&c by the Saltoii Sea for at least 4 or 5 
years, during' which' time a. line lying entirely above s^ l^vel co:i]ld 
be econMsically. constructed. 

On-Decemher 18th a mass meeting of the jteopie of Intperial V.alley 
was held .in Imperial, and subecriptiona for river control work, totaling 
$850000 were made by Various interests.; These were tiie -Imperial 
Valley Improv.ement Company (the practical successor of the Imperial 
i;.and Company) $J0OOOO; the Holton Power Company, $100 000; the 
C. H. Co-i ^0 OOO/und the directors of the mutual water companies 
together a bond issue of .$600 000. .All. these were made promising 
payment 90 days after the break should have been closed suceerafully, 
the railroad to assume all risk of Qxe work, 

.While Qoasid^ring these subscriptions, it was urged in oppositi^nj 
that the njhutual ^fater.coippames might notbe able legally to i 
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bonds or expend money for river protection work at all, Or iadeed that 
tbe people of the valley could raiae 'ta&aej, esc^t b7 indiridual sub- 
Bcription, for wofk to be dona in Mexico. Sequesta were sent out in all 
directidna, resulting in nunreroua civic and poKtiOal bodies Mid au- 
thoritiei of the Btate wiring to Pieaident Booaevelt asking to haTA'tbe 
ITnit«d States Gkivemmmt actinthe emergency. Th« President acted 
promptly, and aa the result of tel^raphic correspondence with Mr. 
Harriman, instructions to start work on -the river werd wceived on 
December 20th. 

In the meantime the organization at Andrade and at the Lower 
Headii^ bad been kept intact. The quarry was developed, sidings 
joat across the border in Mexico were lengthened to 7O0O ft., and 
material and equipment of all possible kinds which might be needed 
were gathered in readings to proceed whenever orders might be re- 
ceived! ■ ..■■. 

, . ■ Senator , Flint's Bill. 

Immediately after the holidays, S^ator Frank C' FKnt; of Cali- 
fornia; introduced a biH in the Senate providing for the appropria- 
tion of $2 000 000 to handle the situation. Under the provisioid of 
this biil, wiiflteVar jsain migbt be foiind juat' Bhould be paid to the 
Southern, Pacific'Gompany for work then lUKtenrfly, and the remainder 
ahonld be utilized to eatahliah an irrigation project for linperialValley 
by the U. 8. Reclamation Service.'. The idea was that the Irrigation 
of Aumioati land, in ths Salton Basin aitd tiie ngulation of tbe Oolo- 
rado River 'were inseparably connected, end that aa- soon ^a ^& situa- 
tion Bboold be under control, by the Sbuthem 'Pacific Company, the 
entire matter should be turned over to the- 'Becdamation Service for 
future bandliiug. Director Walcatt sent Frofessbr A. £. Chandler, 
of the University of California, tlien with tbe Beclamation Service, 
to the scene to make a Bpecial leport, and President Roosevelt, 6± 
Januar? 12th, 1907, sent a special message to Congress sever^ 
criticizing the promoters of the 0. D. Co. and tbe management of 
the properties, and ui^ng the passage of'the Flint bill in' order tO 
thieve' the settlers of Imperial Valley from the "injustice" they ware 
enduring. 

When the bill reached the House, Hon. S. C. Smith, Representative 
•fiom UlB Eighth California Oongrcsfeioial Difftriot^n wW-ch Imperial 
S'alleyis located--^)pposed it, advising that he did' so becalise bf re- 
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quests from his constituents in the valley. There can be no doubt 
that, with Tery few enceptionB, the farmera in the Talley objected to 
the bill, preferring the esiating irrigation arrangements to those which 
would follow under the Heclamation Service,* and desiring govem- 
meoital assistance in river protection work, and in that only. Lai^ely 
due to Mr. Smith's efiorts, the bill failed to pass. 

Chanqe in Oboanisatiom. 

In spite of the opinions of visiting engineers, experience dnring the 
first closing left little doubt that tiiere would be any particular 
difficulty in making the second closing without any brush mattress 
foundation. Even had auch been deemed desirable and worth the delay 
in time; very little brush was available nearby because of the large 
quantity used for the first doaing. It waa felt that the work was 
standardized and consisted in throwing ordinary railroad treatlea across 
the break and from them making ro<^ fill dams in series. The levee 
construction work to be done, however, waa very much of a problem 
in every way. Superintendent Hind was transferred to the levee 
reconstruction ' and' eixtension, and Mr. Olarke, formerly Kesident 
fingineer of the Tucson Divisidn, Southern Pacific Ocoupahy, came 
-tft the woi^' as Superintendent of the second closing on December 
20th, 1906. 

At the same time, an entire change in the accountihg system waa 
ordered, effective December 7th, the date of the break. Prior to that 
time the work had been done by the Mexican Co., with material and 
funds supplied by the C. D. Co., and the latter corporation from time 
to time borrowed money from the Southern Pacific Company. This 
was changed so iJiat the Mexican Co. was furnished money by Epes 
Handolph, Agent of the Southern Pacific Company, and the C. D. Co. 
had nothing to do with the matter whatsoever. On' the American side 
of the line, the operations were exclusively under the name of "Epes 
Bandolpb, Agent, S. P. Co." The railroad furnished supplies and 
naterifil to him under the same arrangements- and conditions as it had 
furnished them to the C. D. Co., namely, at cost plus 10 per cent. 
One marked difference, however, occurred in making these charges, 
namely, that after January lat all freight bills were rendered at traffic 

* Amone Uie objsctloiu, the two moat ImporMit 
water KDd tne uecessli)' for redactagliidlflduAl bold 
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rate? instead trf at i oent per ton -mile, this beins made ueceseaiy by the 
provisiOT of the Interstate Commerce CommiMi on which took effect 
at that .time.- 

, , CLOSD.Q THE SeCOND BrEAK. 

T,fae work, of doaing the second break wae in several w^ye intedroat- 
ing. To begin with, the torrent struck where, the' south end of tUe 
Hind Dam had been, and was there deflected sharply, resulting in very 
serious erosion. Few people who saw the break at this stage believed 
it. possible to hold this erosion, from going entirely through the struc- 
ture, but by unloadiBg immense quantities of rip-rap, the fill vfae held, 
the water in front cutting to a depth of about 43 ft.. 
, Two treaties were decided op and started, five pile-drivers being 
used, one at each end of each trestle and a. floating machine in. the 
middle of the stream. These trestles had to be thrown in a curve coa- 
cave up stream to connect wttb the leve^ion tJiesQuth aide, therefore the 
piles had to be dj-iven in a very strong quiirtering Kurreut. , The 
channel was narrowed and the bottom cut down to K maxiqlum.deptli 
of 38 ft. In driving 90-ft. piles under these ccmditiona, there waa cofr 
slant dangM. of overturning the driver and loping thetnaohinery, .therer 
fore two comiJete pile-dfiying outfit^, were kept -^n reserve and two 
boats waited below the trestle to pick l^ any mea who might be thrown 
overboard. 

On December 28th one line of trestle was practically ««npleted, when 
a flood, shown on Plate XL VII (which, by the waff, let the stranded 
steamer Searchlight get back up ibe river. to the. work), carrying un> 
usual drift, tore out about one-third of it. ■ Three times this ocqurred, rer- 
suiting in the loss of a large quantity of bridge material.. All this was 
obtained through. Mr. E. H, Ingram, Genertd Superintendents Southern 
District, Southern Pacific Company, and the following telegram frorn 
him ia interesting: 
,,"''' "Los Angeles, 1/14/07. 

"We have eahausted all available supply of piles in San Diego and 
Southern California, There is very little hope -of getting any ia 
Northern California. If you feel that you will need any more please 
let me know at olice as we muat make arrangements with the .Atlantic 
System:* 

"K. H. Xmgrau;'^ 

I'l'-'. ■'. .•The llnesfroipNen Orl^n» to £l Pseo- 
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On Jantiary 28a, 1007, the first trestle was finished for the fourth 
time, all stringers ' were in place, and the track was two-thinib laid. 
In the second trestle, 60 ft. above the first, seventeen bents remained to 
be driven. The fill on the sooth, connecting the trestle with the levee, 
was 60% completed. Stored on the branch line in Uesico and the 
United States there were 175 "battleships" of rock, loaded at the quarry 
of the C. D. Co. by steam shovels, and 100 flatcars of large rock from 
the distant quarries. At each end of the dam, i mile of the levees had 
been reconstructed, and IJ miles more opened up, while there were 
1100 men and 1000 .bead of sttock engaged, at Andrade and on the 
river. 

On January 27th, the first trestle was completed,' and dunging rook 
from it began at 5 p. U. By daylight 145 "battleships," cuitainins^ 
6 600 cu. yd. of rock had been unloaded aa another flood from the 
Oils began arriving, but it caused little trouble. On February 10th at 
11 p. H. the second break was closed, and all the water was again going 
down the old channel 

The following materials were used in the second closing: : 

4 000 ft.' of railroad trestle — of this, 1 800 ft. weW carried aw^ 
by floods before' either trestle could be completed or any rock 
could be dumped. When rock dumping began, no more 
trestle Was lost; the final result was two treaties, SO ft apart, 
and each 1 lOO' ft. long, or 2 200 ft. of treatie. 
16 066 ft. of Sby 17-in. Oregon pine atringeris— 8 000 ft. of thew 



ISdO piles. , 

46 000 cu. yd. of earth placed by teams — making 960 ft. of earth 

dam to connect with the levee; 31 000 cu. yd. beii^ placed l^ 

Fdmiary 2d. 

2167 ear WcU, or 50000 cu. yd., of rook used prior to actually 

closing oSithft'Watep. 
'221:car'losds, or 7735 cu. yd., of gravel. 
203 " " « &840 " * " clay. : 

The discharge of the river when work began on December 20th, 
1906, was IS 500 sec-ft. 
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Dee aiBtw.. :,,.:..:.. ...JA900 flw-ft. , 

^an. 7th 16200 " 

Jan., 12tb,.. ,..,.,., ,..., 44300 " .. 

Jan. 18th.;.,..:.., ...,.,....,... 16800 " 

- . Jan. 20th. .., ,...:...,... 33 400 " 

, Jan. 27th ; (when first rock dumpuig began). 13 800 " 
Feb. 3d.'....-........,..- 31300*," , 

, Feb. 7th, . . . . , .-..,... ^ , 17 700 " 

' Feb. 11th :..,!.. 20800 " 

After tbe biY'a^ was closed, B56 car loads, or 38 240 eu: yd., o{ clay 
and 873 car loads, or 33 555 ou. yd., of gravel were used to con^let© 
the HindrOlarke ' DflBi. The rate of dumping rock, etc., is shown' by 
TaWe 14. 

TABLE1+.^—Cae- Loads OF MATEKtAL. 
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■ The water wae rinit irfE on. February. lOtb'ftt 11 p. m. aUd the flatcar 
rock then on hand.aifd eft rouie -was., unloaded, in order tp release 
the cars, the rock irom Aadraete-. Wng uaed nntU ■_ the" 18th in raising 
the dam hurriedly to protect it against poEsible floods.. .The total 
car loads of material used in the closing and in the finishing, up of the 
Clarke Dam .were L ,■•,.,.. 



14d0 



1182 



,-Ql»y. 



..... 879 ., 

'. ' Dtiring: the. entire operations subsequent to the second bJeak, in- 
cluding finishing up the Hind-Clarke Dam omnpUte', hutexcluBiTe of 
the rip-rap to hold the 'grade befoie.the oompletLon ^ the:tr6Btle over 
the break on January 27th, the followin.g car toadsof material were used: 
" Battleship." Flatcar. Clay. Qravel. 

' - ■'■■lii'i ■1240' ■■ ■■ 'gse.' ■■2-068' 

• 4 800 aeort. down the old chaoneL 
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The clfty pit w«8 dosed on March 8d, .and the- Hind-ClMbe Dam 
was finiahed, except for the final auTfacing with the apreadera, on 
March 15th. 

Two Bteain shoTela, and part of the time three (not including die 
one in the Mammoth gravel pit) werie engaged fwwa September, 1906, 
to May, 1907, at $7.50 per day, prior to Janwary Ist, 1907, and at 
812-50 thereafter. During the period, there were from I to i21oco- 
motives, at the followiiig rates: 

American, light. ... J ...:.... "$ 8.00 per day. 

Moguls.. :...!; l(i:O0 * " 

Consolidation ;......;. ' 12.00 "' 

Car ■pile-drivers, working 40 days at: .' lO.OO " 

Donkey engines! ;..,.'... 1.50 " 

Skid-drivers, complete...;...' ' 9.50 " 

TABLE 15.^-SoUTHEBN Eacifio Equipment used om EivEfi, . 
FROM December, 1906, to Julj, 1907, Expressed in qAa-DAis- 



iioiith,. 


111.: 


li 


Ik 


ES. . 

m 
lis 


ill' 

lis 




^ 




'"i 


4609 

stws 

!S 


i 
i 


i 
■s 


48 




"5 


z 


isif'im 










TolalB ... . 


■«» 


,a?483 


^ 


■" 


4B 


im 





The Clarke Dam extends from the south end of the Hind Dam 
across the second break .to the levees on the south. , These two dams, 
consequently, constitute one continuous structure, which is known 
as the Hind-Clarke Dam. 



Eesclts op Experience in Con; 



THE Hind-Clarke Dam. 

The experience obtained in making thede two closings, according 
to the methods used, afforded some information regarding work of this 
class which is believed to be entirely unique and in some respects 
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une^ected. In die' first, piece, it wbb ^oWn that the brush mattress 
bottom protecttos is not onljr unneeesaary,' but adds to the coat, both 
in time and money, provided rock is thrown in at a leasoilsblj rapid 
rate. In diacuMitig the poiaibility of handling the eitiiatsOQ along the 
linea decided on, the opinion was freely erpieaBed l£at the repidcnrrent 
would carr? smaller rocke indefinite dietaneee down stream, and that 
the larger one* wonld quickly settle into tha soft, water>30sked, 
alluvial soil to indeterminate but very great depths. Aa a matter of 
fact, a relatively sjpall quantity of "battleship" rock sufficed to blanket 
the bottom of. tbe stream with a mattress of rock which fulfilled essen- 
tially the Baute function as a mattress of brush. 

In thia type of construction it is desirable to have rock of various 
sizes, such as obtained by blasting large quantities in the quarry and 
loading with a steam shovel. Large stones (from 1 to. 7 or 8 tons), 
which can be loaded on flatcars only with derricks, are effective, but 
not absolutely necessary in raising abort sections where, through care- 
lessness or a little unexpected settKng, an unusual quantity of water 
is going Over a low place in the dam with consequent menacing 
vdocity. Such large rocks were unloaded by a great number of men 
using pinch-bars, and, to prevent upsetting, the cars were chained 
to iie stringers when unloading especially heavy rock^ One man was 
killed during each closing by going overboard with a large rock, and 
these were the only serious accidents. Ko equipment ^^ lost' during 
either closing. 

Two trestles were used in both cases. These were 30 ft. apart Id 
the Hind Dam, and 50 ft- apart in' the Clarke Dam, the idea being 
that the current would prevent building a rock mattress extending far 
enough up stream by merely dumping rock from the trestle on which 
the closing was made. Careful examination of the resulting cross- 
Section, when the water was shut oS' the first titne, seemed to indicate 
pretty clearly that it was a needless precaution to have two tr^tles for 
final heads of 14 ft.- or less. As there *a8 to be no mattresa in the 
second closing, it was decided to use two trestles, in order to take no 
avoidable chances. Everything worked so well that it seemed safe to do 
a little experimenting, and, practically speaking, the second break was 
closed from the lower trestle alone. . ■ 

Ih both, casea tbe fills at both ends w^re kept ^U above the possi- 
bility of being overtopped. an4 of-uniform :heigbtB across the re- 
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FiO. 46. — FititUEB OF RocEWOOD Gate, Octobeb 11th, 1906. 



Fia. 47. MUCK-DlTCH CONSTHUCTION Ut LlCVes BXTKNeiON WOBK, 1907. 
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maining len^h. Train loads extending entirely over the tieBtles were 
anlo&ded most of the time; but short Bectionfi of tlie fill which were 
low were prompUr filled in, and great care wm exorcised to dis- 
tribute the overpouu eveBly, Once, in the building of each of these 
stmeturefl, a Jocal eettlenueat occurred, reeulting of couree, in 
Urge quantitiias at water going; over the reJativel; short lowered aec- 
tion. .The same experieace was had in making the upper cofleor-dam 
wall for oon^)1etin£ the gap . in the Laguna Weir. The construction 
of a rodi £11 barrier dam was regarded aa impracticable hj engineers, 
became of justsufth occurrences suiel? breaching the barrier hopelessl;. 
In point of fact, continued dumpowr of even amall rock soon stops such 
■o-oallad breaks, althofugi: that, results in the waste, of much material. 

-The chief difficulty is caused: by drift in the stream being caught 
by the trestle. , Theoretically, siich drift ahoiild be very, easily broken 
up and carried to the bottom by dumping rock. . In practice, howerer, 
there is difficulty in keeping drift accumulations from seriously threat- 
ening the treetle. In Fig, 44 a very sharp kink will be observed which 
is due to drift accumulations throwing the entire trestle out of line. 
Two or three bents were taken out of the upper trestle from this cause. 
It was found that a eroes-seetion of the dam under the trestle 
is about as shown in Fig. 48, so that it is the inevitable little breaks 
and slides, rather than actual settling, which occurs in such cases. 
Local readjustments or settlings were easily handled with an estimated 
quantity of, lOD secrft. per lin. ft of dam going Qver the rock fill. 
How much more Oould be baocUed safely with .the rock aTailid)le is 
not known. The writer would aay that experience along, the Colorado 
River would not justify using the rock fill barrier dam me&od for 
quantities in exeess of half that :flow, on an average, although possibly 
much ■ greater rates of ■ t-n^ 

discharge over such a 
structure might be safe. 
The quantity which went 
over the 680-ft. crest was 
27 000 sec-ft. . 

The total length of 
mck fill dam used in the 
treetle was 1126'ftj, and the water was allowed to pour over ^80 ft. of 
it; the trestle consisted of 4-^ile bents, all piling vertical, :16-£t. spacing 
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between ben»,B7eRiga'penetratioa of piling^ about 18 ft. Tbe total 
head, ortfae'diflecenee in water Buvf«ce ftbore and below the dsm, was 
12.45 ft.^ all developed in plaoe in 13' daje and hours, ' ; 

By wayof oomparisoD, the building of the upper and lo*er eidee 
of the cofFer-dam within which the central or cbauuel portion of' th« 
Lafuna Weir waia ctympkted is moat intereating. One line of treatiee, 
740 ft long, was thrown, across the atieam jnat above the npper edge 
of ' tbe' weir, and another trestle, 7S6 -R. losg^ below the lower eigA, 
the treetles being aboat 400 ft apart From diese tnetles rock filk 
were built np, and all the water in the river was forced through Hie 
sluice-gates at the ends of the weif, the AriEona sluice-way being 
2 700 ft. distant and the California sluice-way 1 600 ft. There were 
well-developed quarries at each and of the weir, and the hanlwaa from 
1600 to 3S00 ft. The following equipment was used: ■ 

One &}-cu. yd. Atlantic type ateam shovel (In California quarries). 
One 2i-cu. yd. Marion steam shovel (also in California quarries). 
Seven ISJ-in. American steam hoists, mostly in the Arizona 

quarries. 
Six 18-ton standard gauge Davenport locomotives. 
Fifty 6-cu, yi dump cars. 
Eighteen .5-cu. yd, pteel dump cars. 
Fitly flatcara.' , . , ' ' "' 

By Deceiiiber 10^, opening to and from the Bluic»-waj« were 
comjdeted, and the ro<:^ fflb were adranced Until the heikd waa 2.8 
ft On December 19th, the bead had been increased to 8.S ft, of -which 
alk)Ut 3'5'ft.'Wgre'on'the lower rock fill, while' 6600 seo'ft. were goit^ 
OverthiBBe and 3 200. sec-ft. through thfr sluice-waya. On ecommt of p 
reported flood, due to heavy rains on the Little 0(Jorado water-shed, 
work was concentrated on the upper coffer-dam, and by noon of De- 
cember ,■ 21st the ghp was closed and the river — 9 960 sec-ft— was 
turned through the sluice-ways, the head being 3i6 ft on the lower 
and ,5.4 ft. on the upper fill, or a total head of 8.9 ft. . 

■ The river began to rise ,30 hours, later, and crested at daybreak 
on the 33d, the discharge being 35 250 sec-ft. Water passed over the 
entire length— 4 200 ft.— of the completed dam, 8.B ft; deep, bnt 
lacked 10 in. of reaching the general level of tbe upper rock fill. The 
lowea> cofteMflin «!a8 injured coiiaidend>ly:i^ water canning hogth- 
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wise of the dam on the dovn-stream side, ao that the upper rock fill 
Btood all the head, which reached a maximum of 10.1 ft. Two weeks 
later the damage Bustained hy the railroad tracks on top of the finished 
parts of the structure had been repaired, the lower coffer-dam had 
been completed above the danger line, and work had commenced on 
the 66l>-ft. gap in the main structure within the coffer-dam. 

About 600 men were engaged on the closing, working in two 10- 
hour shifts. The total cost of turning the river through the end sluice- 
gates and constructing the coffer-dam is given as $86 072; the total 
rock used was 59 750 cu. jd. of excavation, making 82.S0O cu. jd. 
in the rock fill. No lives and no equipment were lost, and the time 
required after beginning to dump rock was about 2 weeks. 

The total cost of the rock work in the fills, including trestles, 
quarrying, train service, superintendence, d^reciation, and all over- 
head charges of the project, was $1,04 per eu. yd., of which 45%, or 
$38 720, was for excavation, Claas 1 (quarrying solid rock). 

CoUPLETINa THK CLABXE OaX. 

The Clarke Dam was rend^«d impervious by dumping' Mammoth 
pit gravel and clay from both trestles. No attempt was made to puddle 
or settle die material by hydiaul! eking, as was done with the Hind 
Dam. Small local settlements occurred from time to time for a year 
after the dam Vas completed, but nothing disquieting in any way. 
Imperviousnesa waa very quickly obtained, indeed, long before the 
structure was raised to grade and widened to its proper dimensions. 

In constructing the Hind Dam, every effort was made to hurry 
the work, and the stringeis were not taken out. With the Clarke Dam, 
all stringers were removed, the tracks were raised and narrowed to 
13 ft. from center to center, and the top and sides were finished off 
with the gravel spreader used on the levee work, leaving the finished 
structure as shown by T'i'g. 50, ■ ' ' ' 

Spur Levee. — A spur levee, 8 700 ft. loiig, waa built, starting at 
the elevation of the top of the Hind-Clarke Dam (124 ft), and with^ 
an initial descending grade of 0.5 per cent. The purpose of this 
levee is to prevent water from any br^ak in the main levee south of 
the Hind-Clarke Dam from getting into the old dry channel below, 
as happened when the second break occurred. It is intended to bold 
such water back and make it spread over the low country in a sheet 
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Thia leree, which was decided on, but not 'started, before the second 
bieak, is located along an old qvbtSow channel slightly higher than 
the country oa either side, and where test-pita showed need for little 
muck-ditching. Arrangements were made later with the Inter-Cali- 
fomia Kailroad to change ita alignment to use this spur levee and tiw 
Hind-Clarke Dam, and it was thus ezt«nded by this railroad grade 
for i miles without any opening. 

Changes in Staff. 
The sucoesB of .the Hind-Clarke Sam being assured, arrangements 
were concluded whereby F. C. Herrmann, M. Am. Soc, C. E., on Febru- 
ary Ist, 1907, became Assistant Chief Engineer of both the C. D. and 
Mexican Cos., particularly for the purpose of making surveys and 
estimates for reconstructing and extending the canal system in Im- 
perial Valley. ' About Karch Ist, the Clarke Dam being then well 
advanced, Mr. Clarke was transferred to the valley and appointed 
Superintendent of Construction of both companies, Superintendent 
Hind remaining in charge of all operations along the river until they 
were finished, when he was transferred to the Harrinutn Lines in 
Mexico, on August let, 1907. On May 1st, Mr. Clarke returned to 
the railroad as Kesident Engineer of the Coast Division. Nearly two 
years later he came back to the valley as Superinteiidcnt of Imperial 
Water Company No. 1, and early in January, 1910, was appointed by 
the Receiver of the C. D. Co. as Assistant General Manager and Chief 
Engineer, which position he, resigned in April, 1911. The writer re- 
mained as General Manager, of the pr<q»ertieBj but relinquished the 
title of Chief Engineer in both companies in July, 1908, and issued 
circulars advancing Mi. Herrmann to the positions, which he held 
until he left the companies, in March, 1910, aftec. the appointment 
of a receiver. His successor in the Mexican Co., and its present 
Chief Engineer, is Mr. C. N. Perry, who first came to the valley 
with Mr. Bockwood in IQ92, and was Besident Engineer of both com- 
pfinies from October, 1901, to, August, 1906, and so was in immediate 
charge of most of the existing canal construction in Imperial Valley. 
Sint^ April, 1911, Mr. J. C. Allison has been Chief Engineer of the 

C. b. Co. ' . , ,^ ■ 

. ^ ' ■ Levsb Rbconstrucmon, ■ 

On DeCeniber '20Ui, 1906, reconstruction on the existing leveea 

was begun by tearing away the land side of the levee and excavating a 
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tiontinuouB muck-ditch as deep as the test-pits indicated to be necee- 
sary. The lunal location of a muck-ditcb is under the center of the 
leree section, but, in reconstruction work, this was not practicable, 
and besides, tliere were several reasons for locatioD nearer the land 
toe, which will be mentioned later. The excavation was made as 
narrow as possible with, the use of 4-hDrse Fresno scrapers, and it was 
found that the walls, not only of the natural soil, but of the recently 
constructed levee section, stood practically vertical without any caving. 
(Pig. 43.) The muck-ditch was excavated 1 ft, lower than the lowest 
layer of cracked adobe soil lying above the permanent water-table, 
and was refilled with the material removed, care being taken to 
keep out roots and clods of adobe exceeding 3 or 4 in. in greatest 
dimension. When the muck-ditch was completed, the land side of the 
IcTee was replaced to the slope of 3 to 1, instead of 2 to 1, as origin- 
ally built This work *as started on force account, ' but was soon 
changed to a yardage basis, on the following schedule: 

Levee section rentoved and replaced in embankment, 12 cents; per 

flu. yd, . , , 

Muck-ditch excavation and refiU, 174 cents per eu, yd. 
. Beinforcing levee section, 19 cents per cu. yd. 

, The total, earth" handled was 199 000 cu. yd. 

Levee Sxtension. — At the saiue tame, survq^ -ware commenced for 
extenaione of the levee to tbeeouUi. Erom Uile.T the original align- 
ment oontinued closely paSCHeling the riv«-, and here all doaring 
had been done for 2 miles, and about 20% of the fill had been made. 
A^ the south end .the flood caused three breaks, close together, through 
almiist completed, levee section. These breaks were. doe to bad material, 
that js, adobe:which in, working, had, broken, up into small, hard clods,. 
Directly across the river, . sjnjilar breaks had occurred in the levee of. 
the Tuma Pro]ect. , In addition, the river during this floo4 showed a 
marked tendency to cut into the yt^t bank immediately opposite. 

The surveying party found that the most suitable soil and the. 
highest ground, west of. the riyer bank itself, lay,alo,ng the P^redones. 
overflow channel, which turned away^ more than a safe distance from 
the river. This channel was followed beyond the undprgrowth to open 
country, and a hurried reconnaissance showed that at some future time, 
by buildipg^ approximately 20,mi]^ of levee, mpst of it relatiyely low. 
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conneotion couM be made with the mouDtain chain on the west side o£ 
the delta at Cerro Frieta 

It waa felt that the work now in piogiess was not merely to prevent 
flood-watere from quickly getting around the end of the Hind-Clarke 
Dam, but that very eoon a system of dikes constituting a continuoua 
line of defence for the Imperial Valley must be provided. President 
Koosevelt had not requested or authorized Mr. Harriman to construct 
anything so elaborate, but only what would form a protection for a 
few years at most, or until suitable permanent arrangements could be 
made to control the river properly. Such levees as were to be built, 
however, obviously should be conBtructed with a view to being incor- 
porated in their entirety in the final scheme. 

Two plans for keeping the overflow waters of the Colorado from 
getting into the Salton Sea are at once seen to be better than any 
others. One is a levee line along the Faredonea ridge and north of 
Volcano Lake to Cerro Prieto, and the other is a line of levees parallel 
to the river practically to tide-water. These two plana are shown in 
Fig. i. The £ist would protect all American interests and all that 
territory in Mexico lying to the north and west; the second would also 
protect the very large area lying between. This additional area is the 
property of the C, M. Co., and ia in an extremely good location for 
irrigation from the Cc^rado. The 0. M. Co., on being approaehed 
regarding the matter, tihbught that its present interests would be best 
served by the northern line of defence, wiaeh thus precluded the pes- 
nbility of financial aseistance from that company in giving additional 
protection, and the matter resolved itself into a decision aa to which of 
the two lines could he built and' maintained at least cost. The ioBtm- 
mental data regardiirg the region we're insufBcient to decide between the 
two poasibilities, and, incidentally, the same condition of affairs unfor- 
tunately exists to-day. However, something had to be done, and at 
once. Based solely on careful reconnaissance, the northern line of 
levees was decided on, and the portion to be immediatdy built was 
located to a point about 10 miles below the Hind-Clarice Dam, this 
being enough to prevent water from getting around into the Alamo 
channel during dood siagesi Aside from the desire to do only what 
was absolutely' required and coiild certainty be finished before the sum- 
mer flood, it was felt that the officials of the Mexican Mid American 
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Govenunenta should have Hie greatest fi«e<lom in determimnfc on 
future work for controlUng the river. 

The irrade web determined from existing high-wal^r m&rlqs along 
the line of the levee, checked hy high-water marks along the line. of 
the river; and several miles at the lower end has a grade of 3 ft. per 
mile. The cross-section decided on was a top width of 10 ft. and 
slopes of 3 to 1 on each sid^ 
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Muck-Ditches. — The Tutda Project, U. S. Beclamation Service, 
loaned' One of its engineering corps, the method heing to grant leave 
of absence to the members and have them carried oii the payrolls of 
the Mexicaii Go. This corps was in charge of Mr. 0. W. Oziaa, Assist- 
ant Engineer, and was assigned to levee location work! Mr. Ozias was 
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instructed to make teats for detennming the time at vhicb efficient 
compressioQ of adobe soil would take place with diatributed loads, aa 
under a levee when immersed in water. For theae teste some hard 
chunka of adobe were taken from the muck-ditch excavation, 2 ft. 
below the surface at Station ITS, and placed in a box 1 ft. in eadi 
dimension, in as nearly natural condition as possible, and kept under 
a continuous pressure of 600 lb. per sq. ft. At the end of 1 hour i cu. ft. 
of water was added, part of which leaked out. Compression started 
rapidly, and continued for 1 hour, due to the chunks being pressed 
closely together in the box, and slower compression started at the end 
of this time. The compression continually decreased until the 40th 
hour, when no more movement was noticeable on the scale beam. The 
masa Was then removed from the box and found to be plastic and 
pressed together so that it contained no voida. From this it ap- 
peared that efficient compression under a load of SOO lb. per sq. ft. 
starts at the end of an immersion of about 3 hours, and continues in- 
definitely until all the voids close. This is why borders, canal hanks, 
levees, etc., in that region soon become impervious if breaks can be pre- 
vented during that period. It is the inability to prevent breaks 
over a long line which renders a muck-ditch of some form practically 
necessary. 

The results of this experiment suggested dampening the sli<^ena 
under the levee section enough to have the voids in it closed by com- 
pression due to the weight of the levee section. Such wetting could 
be brought about by digging a trench along one or both toes of the 
levee and pumping water into it, and would save the large cost of 
muck-ditch construction. As this levee line was too vitally important 
for such an innovation, it was decided to use a muck-ditch 6 ft. wide on 
the bottom and having side slopes of 2 to 1, the excavation to extend 
at least 1 ft. below the lowest layer of cracked adobe soil above the 
water-table. Test-pits were dug every 200 ft. to determine the nec- 
essary depth. 

The muck-ditch, however, was located under the land toe of the 
levee, as shown in Fig, 38, because it was not deemed desirable to pre- 
vent water from getting under the levee, but, on the other hand, to allow 
water to go under it as far as possible and atill certainly hold it back 
with the muck-ditcb. In this way the cracked adobe layers under the 
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levee section would become imperrions as a whole in the minimum time 
after the wtrtet came as high as the toe of the levee. 

The muok-ditdi, except for two short stretches, was filled witii the 
soil taken from it, only a few places being found in Uie 17 miloB con- 
structed where bad material occurred in such maseee as to render 
it at all difficult to mix the adobe clods with satisfactory material taken 
out of the excavation. 

Borrow-PiU. — Borrow-pits were located on the land side, leaving 
a berm of 40 ft. and traverses 20 ft. wide at intervals of 250 ft. It was 
specified that borrow-pits be left in workmanlike oondition, with a 
maximum depth of 2i ft. on the side nearest the levees and 4 ft. on 
the farther side. The reasons for horrow-pits on the land side have 
already been given. The occurrence of the second break was not con- 
aidered to indicate any good reason, for change in this particular. 

Contracts and Contractors. — All levee extension work was done on a 
yardage basis, a contract being let to W. E. Peasley and Company, of 
Loa Angeles, for 18i cents per cu. yd., for the entire levee cross- 
section, including the muok-ditcb, and 10 cents per cu. yd. for refill- 
ing the muck-ditch section. The price for clearing and grubbing was 
$2 000 per mile. The contractor assumed all risk of expenses due to 
delays caused hy flood, and the company paid all customs charges at 
the Boundary Line. 

The Tuma Project, U, S. Reclamation SOTvice, permitted the use 
of ISO head of its rented Stock in order to assist in completing the 
work before the summer flood. This outfit worked mider the usual 
regulations of the Beclamation Service, on a rental basis, and the levee 
contractor put it on the work and paid the Mexican Co. what the latter 
paid. The Beclamation Service engineers advise that levee construc- 
tion on the Yuma Project has been found to cost much lees than Mr. 
Peasley's contract, but, for some reason or other, the levee contractor 
and the company's timekeepers, who chocked the work, show that the 
contractor's .price for the work done by this grading outfit on this 
job was lees than its cost. The great hurry bad a marked effect on 
the expense to the contractor, however. At any rate, the writer had 
an opportunity to examine the contractor's books later, and found 
that his profit on this job, with proper overhead and equipment 
deterioration cbaigee, was 17.3%, and none at the possible deltas due 
to floods, etc., oeourred. 



by Google 



1384 IBBIGATION ASD BIVEB CONTBOL, COLOBADO BITEB 

All work was veij carefujl? inspected by an unusually la^e corps 
of men, and every precaution was taken to prevent any lootB or rub- 
bieh fr<»n;getting into mnek-diichea or fiUe, and to eee that all muck- 
ditch conatructum ivas carried to the depths ordered. 

Railroad Traciv — When completed, all leveea, both as reconstructed 
and extended, were laid Tvith a railroad track consisting of new 6 by 
8-in. Oregon pine ties S ft long and good old 56-lb. relaying steel ob- 
tained from the Southern Pacific Company. This was done partly 
because of the great advantage in maint^iaiice work in future and 
partly to distribute a blanketing of Mammoth pit gravel. 

Qn the completed work 15 milee of track were laid on the main 
levee, 1} miles on the spur levee, 6| miles from Hanlon's Junction to the 
Lower Heading, 2.C miles of Bidings, quarry tracks, etc., in California, 
and 2.7 miles of sidings and double track over the Hind-Clarke Dam 
in Mexico. No part of this track has been taken up, but the main 
line and sidings betwerai Hanlon's Junction and l^e Kid of the spar 
levee have been sold to the Inter- California Haiiroad. 

Gravel Blanketing. — V^etation, springing up like mushrooms on 
£lla in the region, very soon precludes any possibility of inspection. 
The roots also attract burrowing animals. Furthennore, the danger of 
erodon on th* wat«r face by swift currents due to llie fall of 8 ft. per 
mile made it exceedingly desirable to provide a better surface for the 
eddy currents. For these reasons all levees were blanketed on the top 
and both eides with a IG-in. layer of gravel from the Mammoth gravel 
pit, which, as has been said, supplies a cementing nuLterial which packs 
into an almost impermeable surface. It was praaticaQy impossible — 
and #ould have cost more money — to have blanketed the water face 
only,' or to have put a greater depth on it than on the land side, because 
all the gravel was hauled inVbattlGships" whieb dumped equal quan- 
tities of material on each side. Ordinarily, two cuts of ears were un- 
loaded, a coneiderable portion of the first being used on the top and to 
surface the track. ■ The remainder was spread evenly qver the two 
slopes of .the levee with a home-made spreader devised and constructed 
with an ordinary flatcar temporarily taken for the purpose fay Super- 
intendent Hind at a total cost of $300. Its oonstruotion is shown by 
Figs, 46 and 5£. With this the gravel was spread in an extraordinarily 
workmanlike manner at « cost of 0.1 cent per cu. yd. It worked in 
either direction, and the ordinary process was to have one cut of gravel 
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dumped aloog from 3 000 to 6 000 ft. of levee, and have a locomotive 
take the spreader on two round trips, the Usual speed being from 
10 to 12 miles per hour. 

Very moeh more permanent and ezpeneive blanketing of levees is to 
be found on the Sacramento Eivfer, California. In Reclamation District 
307, near Lisbon, about 15 nailes below Sacramento, a length of a little 
less than 3 miles of levee has recently been completed. This keeps out 
the back waters, in which there ia little current, but, on account of 
the width, the wave action is relatively severe. The blanketing was 
begun about July 1st, and finished about Deoember 1st, 1911, and 
consists of 700000 aq. ft. of reinforced <»ncT«te 4 in. thick. (Fig. 
56.) The reinforcement was a Ijio. 10 gauge wire, fl by 8-in. mesh, 
known as the Olinton Electrically Welded Fabric. Tlie concrete 
was a 1:2:6 mixture, with rock brou^t by train from Oroville 
to Sacramento and thence by bu^e to the work, and cost there 
about $1.50 per on. yd. The BeclamAtion District furnished the cement 
and reinforcing material, and the ctmtractors, Richard Keating and 
Sons, of San Francisco, did all the 6ther work. Mr. F. K. Ashl^, 
County Surveyor of Tolo County, Woodland, was engineer. Hjia 
covering cost 13 cents per aq. ft., -or a total of about $94 000, or ap- 
proximatdy $32 000 per mile. The average hei^t of the levee was 
22 ft 

TABLE 16. — Statement of Charges on Account of Oferatioh 
OF Mammoth Gratei. Pit, from October 16th, 1906, to 
Jm.Y 16th, 1907, Inclusive. 

lAbor of nogs In pit getUiie ont Kravel pe SU.M 

ITsa of U>3&, 9k on >boTe laMv •^. 4M.tG 

Waeea Df tninmeU Id pit 8108.91 

WagM or tncliiemHi in pit HUM 

Wkm ot operatota. ttc, at pit ., EST. IB 

RenUdof eiigliMlnpIt,.. t»S.K 

Rental of tteam ihovel la pit. ,,.'..... ^ , 1 4Bl.S(l 

Fuel funilahed tor pit engtoe.... 4 405.14 

"--■'■ — '-""I lorMflunihoveL ■• -i. — 

Uaed for pit tagie 

UMd lor Bteam lb. ... ... ... 

nippliea 8890.88 

idteoslne 



MatorUlpurchaaed for pit niglite repair......' . 

Material poT^UMd lor Bteam aborel 548.91) 

Mlrcelluwous nippUea .-■..... .. ™ »= 

HlaoeUaoeous idt eoclne uipplies 

■ ■ rsna.so 

On etore departmeDt expeosa, S% ..' 898,10 

Shop repaln to ateam ahovel ,. TST.iO 

On&op ezpoDae, IO)j TR.TS 

FtcIkM 00 material dilppHd to pit eS4K.8e 

Uacellaneoua credit US , 7L 

Total |IitlO>r.GS 



by Google 



nUOATIOir AXD RIVEB C09TI0L, COU>UDO XITBB 



by Google 



IBBIG^-TTON AND BIVEB CfiSTfLQJ,, OOLOBAPO RWSR 1389 

T^BLE 17. — CAALOAEfi or Gratei. Sbifped. 
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The following is a detail of charges for royalty to Epes Randolph, 
Agent, S. P. Co.: 

Value of tracks in Manunoth ^avel pit, prop- 
erty of S. P. Co $16 832,00 

IntOTCsti on $18 832.00 for 1 month 

at 6%'per annum.;... $75.74 

Depreciation on $18 882.00 for 1 ■ 
month at 6% per annum.. 70.13 



$146.«7. ... 
Interest from December. 1st, . 1906, . to July 

15th, 1907, 7i months ,3 094.03 ■ 

Total number of cars r^uoyed by 

Epee Randolph, Agent, S. P. Co., 

9 206, or , $0.11883 intereet per car. 

Charge for gravel, 1 cent per cu. yd., 

30 ou. yd. per car, or 0.30 royalty per car. 



Total royalty charged per car $0.41888 

Average coat per car, $55 927.53 divided by 14 073 = 
$8.9741014 per car. 

In blanketing the levees, 5 285 carloads, or 185 000 cu. yd., were 
used. Of this, .4.803 carloads, or 168000 cu. yd., were used oa the 16 
miles of main levees, or 16 800 ou. yd. per mile, and 462 earloada, or 
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17000 cu. yd., on tie 1.6 miles bf spur levee, or 10 83S cu, yd. per 
mile. 

Wing LevBM. — In addition to blanketing the levees with cementing 
grave), wing levees of gravel were built out into the brush, at intervals 
of about 400 ft. Their purpose is to check the Sow <rf water in the 
Y-sbaped section between the trees along the near toe and the water 
face of the levee. Brush abatis work was not considered sufficiently 
permanent 

Telephone Line. — A two-wire, metallic-circuit, telephone line was 
constructed along the land toe of the levee after the gravel blanketing 
was finished. The location was unfortunate, as the rapid growth of 
willows and other bulb vt^tation just behind the levee caused con- 
siderable annoyance and ezpetise. It would have been mm^ better 
to have put the line on the land elope, about' 9 ft. from the center of 
the levee. 

At each mile post a 6 by 8-ft. wooden tool and telephone house was 
put up, and white boards were nailed to telephone poles at points half 
way between, to mark the ends of the patrol beats. When floods are 
expected, sacks, tools, etc., can be distributed and kept In these houses, 
but between times it was found impracticable to leave anything but 
the telephones on account of malicious and thieving passers-by. It 
was also found that tlie heat in these houses during the summer was 
sufficient to melt down and spoil many of the rubber receivers, so that 
only metallic ones are now used. 

General Data. — The total lei^h when complete was 15 miles of 
main levee, having an average height of 3 ft. and an average muck- 
ditch yardage of from one-third to one-fourth of the main section, 
and l.C miles of spur levee, with a height of from 20 to 4 ft, and a 
muck-ditch yardage of about 15% of the main sectiim. The quantities 
and costs of the extension work after the second break were as follows: 

154 500 cu. yd. muck-ditch excavation at ISj cents. 
49 700 '■ " " " refillii^, which was twice handled, 
at 10 cents, 

443 000 " " embankment at from ISJ to 25 J c^ita.-- 

166 700 " " original specification at 18J cents. 

100 800 " " wide check at 19 cents. 

154545 " " ohedierboard system at 25J cents. 
9,66 miles of clearing and grubbing, $2 000, 
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Enlarging Main OatuH and Building Secondary Levee on Canal 
Bank.— Ob November .26tl», 1906, the Delta cut its way into the 
Main Canal just below the Boundary Line and commeneed deep- 
ening it and building a secondary levee on ita river- side beginning 
at the concrete head-gate and -working down etream. It teached 
the ,Lower Heading and connected the levee bank with the 
north end of the Hind Pam in May, 1S07, and started back, improv- 
ing the work at various places and continuing this until July 2lBt, 
1907. This levee waa built in exactly the same way as those around 
the Beclamation Districts of the Sacramento Kiver, and was made 
with a minimum height of 3 ft. greater then the main levee opposite 
along the river bank. Though not a very e^ient Construction, it, 
nevertheless, will serve to prevent water from getting into the Main 
Canal from breaks in the main levee until they can be repaired. 

Oriiieism of Levee Work Done. — All parties intflreated assumed 
that the Harriman intereists were doing work in the capacity of a 
contractor for the United States Oovernment, and not in any gense 
in its own behalf, and that the engineers of the Reclamation Service 
were "available for consultation." Certain of these engineers, indi- 
vidually, criticized the excavation of the borrow-pits on the land side 
of thi! levee, and eo a request was addressed to the U. S. Bedamation 
Service for. a Consulting Board to Consider the situation and make 
recommendations. Such a Board was appointed, all being members of 
the Service, consisting of A. P. Davis, W. H. Sanders, D. C. Henny, 
and Francis L. Sellew, Members, Am. Soc. 0. E. This Board inspected 
the works then under way, and on January 10th reported, recommend- 
ing amoi^ other thirds that: 

"4, BorrOw-pits should be on the water aide, berms between them 
of greater width than the pits, and care should be taken not to disturb 
the vegetation on the berms, which should alao be protected at frequent 
intervals with barbed-wire fences of 4 to 5 wires, the bottom of which 
is at the surface of the ground " * *. 

"7. The levees now built should be provided with cut-off trenches 
under the water slope and later provided with sheet-piling reaching 
below borrow'pits • ♦ •, 

"8. All levees should be blanketed with gravel on water slope 
and railroad track maintained on the levee." 

The clearing for half of the extension work was done at this time, 
and the work already started was continued as theretofore. Fear of 
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erosion trouble, becauee of borrow-pits on the river aide, and corre- 
Bpondence with the Kew York office of the Harriman Lines, resulted 
in the appointment of another Oonsulting Board consisting of MesBis. 
L. C. Hill, W. H. Senders, and F. L. Sellew, Members, Am. Soc. C. E., 
of the U, 8. Reclamation Service, and WiHiam Hood, M. Am. Soc, C. E., 
Chief Engineer of the Southern Pacific Company, which met at Yuma, 
thoroughly examined the work, and reported on February 14tb, among 
other things, as follows: 

"Existing Levee Between Cement Head-Oate and Dam Across 
Lower Intake. 

"Spur dikes (traverses between borrow-pits) to be increased in 
width to at least 50 ft, on top and to be at least 4 ft. in height abovs 
the general level of the original surface of the ground, and to extend 
at least 300 ft. northerly from the northerly edge of the borrow-pits, 
and in this 300 ft. no borrow to be made on either side of this levee 
and no brush to be cut outside of the limits of the slope stakes, 

"The end of the levee and for some distance on Uie sides on each 
side near the end to be thoroughly brushed. 

"These cross-dikes to be not to exceed 600 ft. apart, and where now 
located essentially farther than this, an intermediate cross-dike to be 
put in * • *. 

"An abatis work, being in effect a wire and brush wing dam, shall 
be built from a point on the slope of the levee nearest the river, situated 
well above high water, and such wing dam pointing down stream, 
approximately, per local conditions, at an angle of 45 degrees to the 
levee. 

"This to be made with suitable posts or stakes driven into the levee 
and between the levee and existing trees and thence by assistance of 
trees acting as posts or stakes and suitable barbed wire fencing in 
two lines not less than 2 ft. apart, and the whole filled with brush 
thoroughly wired down. 

"These wing dams to occur at no greater distance apart than 
600 ft. • * •, 

"Levee Below Dam Across the Lower Intake, This Being Partly 
Completed and Under Coiisiruction. 

"The same remarks as to spur dikes and abatis work apply as stated 
above with reference to existing levee between the cement head-gate 
and the dam across the lower intake * • •. 

"For the levees as constructed, material has been taken from the 
land side instead of the river side, as recommended by the previous 
Consulting Board of the Reclamation Service, 
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"Ab these conditiooa now exist, the present recosunendations are 
with a view' to make the levees ae secure as practicable under pres^it 
conditions * * • As to the still unconstructed portion of the lOJ 
jniles of levee now intended to be constructed southwesterly from the 
dam across the lower or Mexican intake, this unconstnicted portion 
being severiil miles, we recommend and expect that the recommendB- 
tiona of the Consulting Board of the Keclamation Service aa to the 
position of the borrow-pita, position, depth and character of muck- 
ditches, and all other matters, be strictly complied with." 

Accordingly, the additional leveea, constituting 4.11 miles ?t the 
south end, were built with muck-ditch under the river dope and with 
borrow-pita on the water side of the levee. These pits are 100 ft. 
lengthwise of the levee, with spaoea between them 100 ft. in width, on 
which every care was taken not to disturb the vegetation to the water 
toe of the levee. This method of borrow-pita is known locally as the 
"checkerboard" syBtem. (Fig. 39.) 

It is obvious that the checkerboard system requires an average haul 
of excavated material of about 175 ft. in excess of that required by the 
ordinary plan. 

According to comparative tests, this increase in length of haul and 
inconvenience in handling teams resulted in increasing the cost of work 
about 6| c«its per ou. yd. for embankment only, or approximately 80% 
of the cost of team work. 

It was deemed advisable to complete the main levee high enough 
to be beyond danger of overtopping by floods before doing anjrthing 
on the spur leveee. between the land side borrow-pita recommended by 
the Consulting Board on February llth. About the middle of Hay 
bids were aaked for conatructing them (described in the first item of 
the report of the second Consulting Board), and the lowest bid was $40 
per acre for clearing, $80 per acre for grubbing, and 31 cents per cu. 
yd. for embankment, making their eetimated cost between $18 000 and 
$12 500 per mile of main levee. Accordingly, a third Consulting Board 
was requested, and was appointed by Mr. A. P. Davis, Chief Engineer 
of the Reclamation Service, consisting of C, E. Orunsky, Consulting 
Engineer to the Secretary of the Interior; L. C. Hill, and F. L. Sellew, 
which Board met on June 19th and recommended as follows ; 

"1. That in lieu of the general system of cross-dikes recommended 
by the second Consulting Board : 

"(ft) To complete at once the cross-dikes now being constructed 
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about 600 ft. southerly from the south ead of the Clarke dotn, making 
it 10 ft. wide on the top aiid giviog it the eame height as the creet of 
the spur levee with which it connects; 

"(b) To conBtmct a second cross-dike about 500 or 600 fti southerly - 
from the £ist, also 10 ft. wide on top and with a height the Bame as tlie 
creet of the spur levee with which it oouneots; 

"(c) To oonBtruct crose-leveeB, with crest at lea^t 4 ft. above made 
ground (tops 10 ft. wide) between the main levee and the secondary 
levee [along the east bank of the main canal from the ccoicrete head- 
gate to the north end of the Hind Dam. H. T, C], near or on the 
southerly bank of the old upper Mexican intake, and a second within 
about 1 000 ft. of the southern end of the secondary levee." 
This recommendation was carried out. 

Summer JFlood of 1907. 
The leveea, including the secondary one along the llain Canal and 
the eroas-levees mentioned in the recommendationa of die last Con- 
sulting Board of the Beclamation Service, w^e completed on July Slat, 
1907, and the Epes Bandolph, Agent, fund was closed. The Delta oon- 
tinued deepening the Main Canal and at the same time raisit^ and 
strengthening the secondary levee on its river side for 3 months longer, 
hut it was estimated that the coat of such work balanced the deepening 
of the Main Canal done while strengthening the same secondary levee, 
prior to that date. After that time all charges for maintenance and 
operation of the head-gates and Wee system were made by the Mexican 
Co. against the C. D. Co. 

The flood of 1907 was a record one in total discdia^e, vtA probably 
would have been in gauge height reached at Yuma had it hot been for 
the unusual conditions lower on the river. The old channel of the Col- 
orado was considerably higher than usual, from the point of diversion 
to the Gnlf, the erosion since the diversion and until the coming of the 
summer flood being of not much importance. It had been silted by the 
very small quantity of water carried as the re-diveraion became more 
and more a reality, and, in addition, it was appreciably raised by the 
flood of December 5th which stranded quantities of heavy silt. 

The vegetation of the lower delta lands depends on the annual over- 
bank flows, and these lands had not been covered for two seasons, due 
to the river diversion north of the delta's dividing ridge, much of the 
light vegetation had perished, and large traots of the region had been 
burned over. In designing the levee system it Was deemed c6nservative 
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practice not to take into account any such increased overbank flow, 
and to coneidtir that the whole channel would be much less efficient 
, and wolild deepen much more slowly than usual under the coming; sum- 
mer flood, on account of the fact that Uie bed had been undisturbed for 
3 years, and hence was compacted and dry. Cross -sections are 
shown on Plate L. However, the flood of 1907 came up very 
gradually, and eroded the bed most satisfactorily, and an extraordi- 
nary quantity of water went overbank, particularly to the west 
because of the greatly decreased vegetation. It thua happened that 
this record flood, confined between levee banks only 1 600 ft. apart, rose 
to only an average of aboiit 6J ft. below the top of the levee, varying 
from a minimum of 6 ft. to a maximum of 7 ft. The water got against 
the levees for their whole length, however, testing the muck-ditch con- 
struction thoroughly, and in no case was any weakness apparent. 

The water-table throughout the region was raised above the bot- 
tom of the borrow-pits in many places, so that a considerable quantity 
of water, in some cases 3J ft, in depth, slowly seeped into these pits. 
This water was always perfectly clear, came in very slowly, and gauge 
readings, kept in many of them and in pits nearby, showed that the 
levels in them fluctuated with the adjoining water-table at all times. 
Ab the flood went down, diese Waters lowered and disappeared, and a 
rapid growth of willows started, so that a very large part of the borrow- 
pits is now overgrown with a dense growth, many bushes attaining a 
height of 20 ft. in 2 years. 

]|f!uch difficulty has been found in keeping Indians from clearing 
away such growths jand utilizing the borrow-pits as garden patches. 
Indeed, the Mexican officials practically take the position that, though 
the land is private property belonging either to the Mexican Co. or 
the C. M. Co., the nomadic Indian tribes have for many years been 
free to live their Gipsy life therein; thai the levee system has cut ofi 
the annual inundation on which these people depended for their gar- 
den crops; and that it is unreasonable to insist on preventing ihera 
from taking these borrow-pits for gardening purposes, particularly as 
they are prevented from making clearings and utilizing inundated 
land in front of the levee. 

A very striking occurrence was the complete filling iip of the 
diversion channel between the river and the Hind-Clarke Dam. In 
many places this was more than 45 ft. in depth and probably averaged 
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20 f t for 2 SOO ft, up and down the river and 3 SOO ft. at right angles 
thereto, an area of 210 acres. When this sununer flood had passed, 
there was only a little pool about 5 ft, deep iauaediatelr above the 
Hind-Clarke Dam where the water had been deepest. Two years Uter 
this area was so densely oTergrown with willows that it was extreniely 
difficult to believe that the break ever occurred there. Until, this ailtine 
up in front of the Hind-Clarke Dam began, numerous small boils ap- 
peared in the sand bar formation behind the Hind Dam, These at 
no time were of any importance, and soon ceased. Behind the Clarke 
Dam, practically no seepage whatever occurred. 

The very slight percolation of water under these structures was 
rather surprising and very gratifying, considering, their non-homog^- 
eous structure and the character of their foundation. Nevertheless, it 
accords with the experience with the wooden and oonorete head-gate 
coffer-dams, and the pumping of water into the Main Canal to k^ep 
the Alpha afloat, namely, that seepage through the alluvial soil of the 
region is remarkably small. 

The water-table, for considerable diatapoee on each aide of the 
river, rises and falls with the wat«r surface, especially during the 
s umm er floods, with small lag in time. The writ«r has alwajs con- 
sidered these two facts intxmgruous, and has never been able to find 
a satisfactory explanation. 

Maintenance of Lbvees. 
Until the summei' flood of 1907 had passed, ihe levees .were very 
carefully patrolled, watchmen being stationed ni(^t and day at each 
telephone house. A considerable store of timber, large and small, has 
always been kept at the Lower Heading until recently, and a store- 
house containing a large quantity of shovels, picks, crow-bars, track 
tools, and lanterns has been maintained at the upper end of the Hind 
Dam. In this, from 20 000 to 50 000 sacks are always kept, being 
drawn on for use in the valley and replenished to avoid deterioration 
from long storage. Until a number of flashy floods had passed, a work 
train was always ordered from the Southern Pacific on reports from 
the head-waters indicating large rises in the lower river, and sacks 
were taken from the storehouse and distributed up and down the 
river, SOQ. at each toolhouse. Confidence in the effectiveness of the 
dikes soon grew, so that this is no longer being done. 
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In ^ite of the gravel blanketing, vegetation starts up bIowI?, and 
is kept down by constant but relatively inespensive work. Consid- 
erable annoyance is caused by insects, particularly large burrowing 
anta which make great ant-hills and holes. These are destroyed by 
pouring gasoline into the holes and burning it. 

As the value of rock, in repairing breaks or in river protection 
work, to prevent the side cutting of banks from breaching the levees, 
made it advisable to have a large quantity ready in the Andrade 
quarry, about 50 000 cu. yd. were blown out ready for handling by 
steam shovels. This was done, by "coyoting" or driving 3-ft. tunnels 
horizontally about 30 ft, into the foot of the rock face, at intervals of, 
60 ft., and driving croaB-tunneila at the ends, 10 ft. on each side. 
These crosa-tuhnels were loaded witti black powder, which was all ex- 
ploded at one time. All this lock has been taken away, and has left 
the quarry with a practically vertical face, averaging 50 ft, in height 
for a length of 1 000 ft., a very satisfactory condition. An American 
Hoist Company's 10-ton steel derrick with a 60-ft. boom, erected to 
handle this rock, proved v-ery efficient and satisfactory. The railroad 
north of Andrade was raised above flood heights, the quarry lines were 
thrown over, and a track was laid on the top of the concrete head- 
gate, stringers being laid on the cellular pier walls. This track was 
connected with that on the levee, so iJiat a tivin could be loaded at 
the quarry and run over ihe concrete head-gate and down the levee 
system, using the main line of the Inter -California Sailroad only 
for that portion lying on the Hind-Clarke Dam. In die fall of 190T 
this railroad was reconstructed and repaired from Calfixioo to Cocopah, 
and extended through to the end of the spur levea The track from 
this point to Hsnlon's Junction was taken over by the Southern 
Pacific Company, in accordance with arrangements made when the 
branch:line wss built. For this, consisting of 6,1 miles of main line and 
2.1. miles of siding, the Inter-California paid the C. I>. Co. approxi- 
mately $66 000. When this was done the bnmch line was no longer 
available for use by the irrigation company, but the right to use 
tile east, trade or siding on the Hind-Clarke Dam was retained, and 
the Inter-California was spedfieally released from any obligation to 
maintain the dam. 

It cert&inly is not often that a diversion head-gate camee a main- 
line, standard-gauge railroad, and the fact that this does will give 
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Borne idea of its size. By thus utilizing it, die heaviest carloads of 
rock from the Andrade quarry caa be hauled over the levee system, 
and be indeiKaideut of the Inter-Califoraia tracks. 

The Southebn Pacific Not Beubdrsbd bt the Uhttsd States 
gotebnment. 

Early in 1907, a bill" was introduced before Cougresa: 
"To reimburse the Southern Pacific Company the amounts ex- 
pended by it from December first, nineteen hundred and siz, to Novem- 
ber thirtieth, nineteen hundred and seven, in closing and controlling 
the break in the Colorado Biver. 

"Be it enacted by the Senate and House of Bepresentatives of the 
United States of America in Congreaa assembled, That the sum of 
one million six hundred and sixty-three thousand one hundred and 
thirty-six dollars and forty cents is hereby appropriated, out of any 
money in the Treasury not otherwise appropriated, to reimburse and 
pay the Southern Pacific Company the amounts paid by it from De- 
cember first, nineteen hundred and six, to November thirtieth, nine- 
teen hundred and seven, in closing and controlling the breat in the 
Colorado Biver and thereby saving the overflow and destruction of the 
Imperial Valley in southern California." 

This bill was referred to the Committee on Claimsi of which Hon. 
James M. Killer, of Kansas, was Chairman, and consideration was 
b^run on February 24th, 1908. At this hearing Mr. Maxwell Evarts, 
Counsel of the Harriman Lines, Mt. P. G. Williams, of the Account- 
ings Department, who had been in charge of the accounts of the Epes 
Bandolph, Agent, fnnd, and the writer, appealed to make explana- 
tions and present for examination vouchers covering all itema of ex- 
pense. President Booeevelt was frank and open in urging the justice 
of the claim, but, of course, was not advised as to whether such amount 
of money had been expended. Everyone else, howev^, seemed to he 
very much afraid of the matter. The Committee on Claims desired 
information as to the (^aract«r of the woi^ done and the fairness 
of the charges therefor, and asked the Secretary of the Interior, James 
B. Garfield, to have the Keclamation Service Engineers investigate 
and make a repinl. The reply was that no funds were available for 
that particular kind of work. Accordingly, President Booeevelt asked 
Secretary Garfield, F. H. Newell, M. Am. Soc C. E., Director of the 
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Reclamation Service, and Mr, Waloott, formerly head of that Service, 
to take up the matter and report on what the Government, as a matter 
of moral and equitable obligation, should pay for the service ren- 
dered. President Boosevelt at the time, Uarch 11th, in a letter to 
the CSiairman of the 0(»nmittee on Claims, advised him that this 
had he^i done; recalled Uie dire need for immediate action at the 
time; stated that negotjatione with Mexico were then under way for 
future action in concert between the two nations; that he did not 
think die Southern Pacific people should ha obliged to wait for the 
conclusion of these negotiations betwe«i Uezico and the United 
States with regard to future action, but that a rou^ estimate should 
be made as to what the United States should pay aa reimbursement 
to the Southern Pacific Railroad, and that it waa an act of justice 
to deal generously in the matter, for the railroad, by its prompt and 
effective work, rendered to a threatened community a notable service 
which could in no other way have been done. To facilitate matters, 
Mr. Evarte agreed with the Committee that Mr. Qmnsky, who had 
heea Consulting Engineer of the Secretary of the Interior On all 
Reclamation Service matters until a few months previous, and who, 
of dD Qovemment engineers, knew most about the Lower Colorado 
River and the operations of the Southern Pacific Company, should be 
engaged by the Committee to report on the work done and the ex- 
penditures, and that Mr. Evarts would advance the expenses of such 
investigation and report, 

Mr. (^runsky, wiUi the assistance of the American Audit Company, 
of New York City, investigated the accounts, and reported on April 
lat that the structures along the river were adequate and efficient, 
and fulfilled their intended purposes; that additional protective work 
would have to be done in the near fnture; that charges incurred prior 
to December 7th, 1906, and subsequent to July Slst, 1907, were not 
pioperly chargeable to work done as a result of correspondence be- 
tween the President and Mr. Harriman; that the quantities of ma- 
terial, such as rock, gravel, «nd earth, covered by the expenditures could 
not then bs ascertained by measurement of completed structures with 
any degree of precision; that the records presented by the company 
showing the quantity of rock,' gravel, and clay put into the work 
from day to day from January 27th to July 18th, 1907, during fthich 
time practically all the work of closing the second break and com' 
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pleting the protectioa woik waa done, conetituted a reasonable check 
on the bills rendered, and that the number of catloada : of material 
handled prior to January 27th, 1907, was Ho di)Ubt correctly reported; 
that a fair basis for all charges, everything considered, would be cost 
plus the usual 10% for superintendence, tools, etc.; that this basis had 
been followed in the accounts, with the exception of the fright, which 
bad been billed at tariff ratea and really should have been made 
atO.S cent per ton per mile; that the accounts revised and corrected 
accordii^ to the foregoing showed the total net K^endituiee to be 
$1083 673.97, exclusive of interest. 

TABLE 18. — Expenditures on the Colohado River Wohk 
Subsequent to December IsT, 1906. 

Lolior '. UniSIO.lS 

MMerialsaad«ui)4lie8. XIMOM 

Fu« ASSag.GS 

Freight chugMonBuppHesBndiiwtertala ^..i SISUO^ 

CreigAit fad. 19O7B.O0 

TraupprtaCiou , : IBBSg.a) 

WoA.traui sei'Tlce 7 827.17 

B«at«J<rfMUlpmeut.^ .- ,:■. ..,.l .TO 507.64 

Oommiisaty wpplleB and labor 8 8S8.B7 

TraobBKe.... i... 8I SW.OO 

OomtrncUOD of addttJonal levees (contract) SS6 87B.6B 

Ofllaen' and clerks' salaries. S 440.08 

Office ezpeases. '. 1 27S.20 

Traveling ezpensee 1 437.8S 

Sundry erpefieea...;...: l OBl.Bft 

Duties. , ,...,., , 84717,46 

Total , , Sicseats.!] 



Mr. Grunsky'a report was clean-cut and fair, the inclusion of 
freight charges at teriff. rates being done . against tiie writer's advice. 
The Conunitt^ on Claims, therefore, now had definite ideas aa to 
the work and cost. The- report to President Booserett from: Messrs. 
Qarfield, Ifewell, and Walcott (dated March 17th), aod mentuined in 
his letter of March 11th, as to the fair proportion 'to be repaid the rail- 
road,. was forwarded to the Committee, and, after reviewiag the situa- 
tion, indluding the exchange cif telegrams between Mr. Harriman and 
President Boosevelt on I>Bceipber 19th and 20th, 1906, states: 

"Under the circumstances, we do not feel justified in attempting 
even in a rough way to approsimate the burden, otlier .than to state 
that the principal beneficiaries are six in number: (1) . The settl^v 
in the Imperial Valley; (2) the Southern Pacific Co.; (3) the Cali- 
fornia Development Co.; (4) the Mexican Corporation; (6) the Re- 
public of Mexico, and (6) the United Stat«s. Not considering the 
settlers, in the valley, we have five distinct entities among whom the 
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burden might be distributed more or less equally. Thus, a roTigh 
eatimate aiig^t apportJon to the TTnited States 20 per cent, of the mon^ 
expended to reimburse , the Soutkera Pacifio Compan; for the actual 
expenditures of repairing tbebrealt in. Mexico. Such proportiou would 
fully comply with your suggestion that the United States Government 
should act generously toward the Southern Paoifio Company, for by 
prompt and effective work it rendered a notable service to the threat- 
ened community of settlers in the Imperial Valley, quite regardless of 
the ultimate benefit of such' action to the railroad company itself." 

This recommendation has always seemed remarkable to the writer. 
The land interests m the. Imperial Valley on both sides of the Bound- 
ary Line represent fully two-thirda of the present property values which 
had been threatened; the Soutiem Pacific Company about one-sixth; 
the United States,, through its Laguna Weir, about cuie-slxtb; 
the 0. D. Co. and the Mexican Co, nothing, because th^ were 
both bankrupt, and the Eepublic of Mexico practically nothing 
because its interests conserved were wholly prospective, as well as 
those of the United States as far as irrigable land farther up the 
river is concerned. Furthermore, it was known that $950 000 had already 
been subscribed by the people and corporations in Imperial Valley 
when the President called on Mr. Harriman to start work, as he did, 
and at once stopped such subscription. It is obvious that the railroad 
could at tJhis time in no possible way, collect. anything from any other 
source than the United States for such work, so that such payment as 
might be made by the United States, will represent the gruid total 
reimbursement. Just why this Committee eliminated the land owners 
and then considered the remaining five entities as being equally con- 
cerned has always seemed remarkable, especially because, when two 
years later another call for help from Imperial Valley cante to Presi- 
dent Taf t. Congress at once appropriated $1 QOO 000 tt) protect the land 
owners primarily and almost exclusively. 

The Committee took no action in the matter until Congress ad- 
journed, and two years later, at the next seasion, another bill was pre- 
sented, this time in the Senate (Senate 417, Sixty-firat Congress). 
The matter was gone over again, and the bill with the amount cut to 
$773 6i7.25, or 71.4% of ttat reported by Mr. Grunsky, passed the 
Senate. The House Committee on Claims made a favorable report. 
Five members of the Committee submitted a minority report on Jan- 
uary 2Sth, 1911, stating that they did not think there was any legal. 
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equitable, or moral obligation on the part of the Govemzoent to pay 
the ivilroad company any amount whatever for doeine: the break ; lliat 
exp^iditures were mode neither at the request of the Government nor 
for itB benefit; and that the appropriation of such Btun wonM be 
"purely a gratuity, a gift of the people's money to the Southern 
Pacific Railroad Company * • *. 

"We oppose this praposed gift to the Southern Pacific Railroad Co. 
as well as aU other gratuities to private enterprise." 

The bill did not pass the House. 

Damaqes Caused bt the Euhawat River. 

The first damage caused by the diversion of the river was the 
flooding of the salt beds and the gradual burying of the entire plant 
of the Wew Liverpool Salt Company in the bed of the Salton Sea. 
The property was probably worth about $125 000. 

Ab the waters continued to rise, they began to threaten the main 
line of the Southern Pacific Company throughout the baain, and in 
July, 1805, they reached the rails for a considerable distance. Shoo- 
flying was begun and continued from time to time, nothing very ag- 
gressive being attempted because of optimistic advices as to when the 
river would be under control, 

ShooflieB Nob. 1 to 7, inclusive, were at an elevatitai of — 350 ft. or 
more. Shoofiy No. 11 is 39 miles long, and follows the — 20b-ft con- 
four, being determined on when the probabilities of controlling the 
river before the sunmier flood of 1906 seemed to be rapidly decreasing. 
It was built in February and March, 1906, and was located vrith a 
view to being safe from the rising waters for at least two years, the 
estimates being based on the discharge records of the river at the 
time of building. As a matter of fact, some sections of the track a 
few feet below the — 200-ft. contour were in trouble in ^e latter part 
of October, the water then being 47.5 ft. higher than when the line 
was Burv^ed. When the second break occurred, Shoofiy No. 12, 48.9 
miles long and following the — 100-f t. contour, was hurriedly surv^ed 
and graded durii^ January and February, 1907, the outside drainage 
work being completed oh April Ist. Track material for this had 
been gathered at each end — Mecca and Imperial Junction — during 
September and October, 1906, when Shoofiy No. 11 was threatened. 
Practically none of the bridging was put in on this latter work, and 
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when only about 4 miles of track were laid it seemed that the river 
control work would prove effectual, and work was consequently oidered 
stopped. 

The railroad company also suffered damage along the branch line 
between Imperial Juuctioa and Calesico. At the croseing of the 
Alamo River nortii of Brawley the track was moved five times, the 
present alignment constituting a shoofiy 2 706 ft. long, and introduc- 
ing 105° of curvature, as compared with 16° 40' originally. A few 
miles Bouth, tlie enlargement of the New River channel made it neces- 
sary to construct three shooflies, tlie last one being 9 0S6 ft. long and 
containing 121° of curvature, as compared with 11° in the original 
alignment. 

The total ezpeusee incurred along the Salton Sea, exclusive of 
the cost of grading Shoofiy No. 12, were as follows: 
Year. Labor, UMerial. Tatalg. 

1905 S148 183.71 

1906 $181800.37 »307 763.68 489 063.95 

1907 49 875.96 37 678.08 87 554.04 

$724801.70 

The damages sustained on the Imperial Branch were as follows: 
Year. Labor. MaterW. Totals. 

1905 $5914.01 

1806 $19 222.37 $9 986.63 29 208.90 

1907 2 597.13 142.76 2739.89 

$37 862.80 

The Inter-California Railroad, beginning at the iDtemattonal 
Boundary Line, was damaged more or less seriously for about 10 miles, 
the details being as follows: 

Entirely rebuilding the road through 
Galezico and Ifexicali uid beyond, 
being cost less value of material re- 
covered '. $ 82 822.49 

Repairs to remainder of first 10 km., in- 
cluding water supply 4 259.76 

Repairs from 10-km. point to 14-km. 

point '21 163.73 

$108 245.98 
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Thus the damage BU8tain«l by the Southern Parafic on permanent 
way alone, and not includinjg: interruptions Co traffic, or expenses of any 
kind incurred by ddayed trains, etc., was $7^ 364.50, andby the Inter- 
Califoraia $108 245^8, m^ing a total of $870 910.48. . 

In addition to snch damagies, the trains of rook hauled during iht 
3 we^B of the first closing and more than 2 weeks of the second closing, 
or more than 5 weeks in all,' were given lighta of way over all except 
passenger trains, And Ihe slower of these were* vwy frequently delayed 
in order to hurry material to the front. The demand on the equipment 
of the road was tremendous; particularly during the second closing, 
when there were in rock-train service, lOOOflaHcars, 800 "battleships," 4 
steam shovel^ 10 woi^ trains, exclusive of rode trains f MM the quarries 
other then at Androde, etc. Indeed, for about lO days, practically no 
fieigfat was hauled oiit of tbe Port of San Pedro because of lack «f 
equipment Tlie degree of the strain is shown by a telegram the writer 
received from the Superinteodent of the Los Angeles Division, juat 
before the second closing was accomplished, asking information as far 
in advance as possible ^'when wevk will slow up because I want to make 
arrangementa to resume operating the division." 

About 3 000 acres of cultivated land and 10 000 acres of unculti- 
vated and public lands were practically destroyed and rendered unavail- 
able for agricultural purposes under existing conditions, the total value 
of which depends on whether the present or prospective worth is con- 
sidered. Perhaps a very fair figure would be $60 per acre for culti- 
vated land and $10 per acre for raw lands, making the total damage 
to the land about $250 000. . 

Various individual settlers in Mexico and the United States suffered 
more or less severe injury from inundaticm.of crops, etc, as .distinct 
from land damages, and these probably amounted to not more than 
$150 000. A number of claims for damages sustained on the American 
side of the line werj: combined in a suit totaling $4^0 000, but thia 
included damaged landc estimated at prospective rather than real and 
present figures. Judgment has juat (October, 1912) been i^dered for 
a total of $78 000. 

The most serious injury dona to settlers was the entire stoppage of 
the water supply in the canals of Districts Nos. 6 and 8 from, the 
summer of 1906 until January, 1907. No claim was ever presented for 
these damages, and nothing mote than crude guesses can be made as to 
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Uie amount. The result practically forced, the depopulation of more 
than 30 000 acres o£ land, of which abo-ut 12 COO acres were under cul- 
tivationJ. The effect onthe deyeiopment of the ralley at the time was 
not very g^eat, but fear of repetition of a break, as much -as anything 
elae, has, until recently, retarded the reeion to a considerable- extent. 

Beoauae of the tremendous expenditure involved in re-div«rting 
and holding the river in its oovtrae, up to Dbcember 'Sth,. 1907, when the 
Southern Faoifio advanced f uode fbc the- work (Srectir instead of to the 
C. D. Co., the original $200 000 loan to the G. D. Co.: had grown to 
$1100 000, and thie was. swelled t^ later billa,,iatereBt, etc., to approxi- 
mate^ «1 37P 000, by Jafiuary 1st, 1909. In addition t« owinsthis 
large sum foE cash aotually.advanced,.«nd. for whieb pj^rment could not 
be disputed successfully, a ju(^ment:far $458 246.83, In faror of the 
iNeW Liverpool Salt Company had been rendered id die United States 
DiMrict ' Court toward the end of IlToT€aUber, UEH)7, and there were 
olaims from the Southern Pacific Company, and others, aggregating 
$1360000, two-thirda of which w^e. irtwi the latter oon^enj'. ' The 
rimawey rirer rendered; hopelessly bankrupt the C. .D. Co. and the 
Mexican Co, — ■ ■■ 

. . . 'Benepits.' ■ ■. . : 

To almost every cloud there is a silver lining, and this is no excep- 
tion. It'ia now known that the diversion would have occurred very soon. 
The event showed the existence and nature of the danger and the ne- 
cessity for guarding against it. Much more important waS the devPlop- 
ment and standardizing' of methods of closing future crevasses *hioh 
might occur. Incidentally, the information of 'this chatacler afforded to 
the Engineering Profession' In general will deubtlesa prove of much 
value, though this cannot be considered as a benefit to the region in 
'question.' 

By far the greatest benefit was the erosion of the great Alamo and 
New River barrancas and the creation' 'of the main features of a com- 
plete and comprehensive drainage system for the entire Imperial 
Valley. The natural slope of the grotmd is' remarkably uniform, with 
a grade of about 5 ft. per mile, and the very small, shallow channels 
of the New and Alamo Rivers were the onlj- rudiments of satisfactory 
drainage, from an irrigation point of view. The Saiton Sink is the 
natural drainage sumn for the region, and its absolute control should 
have been acquired in the very beginning, either by the irrigating 



by Google 



IRRIGATION AND HIVER CONTROL, COLOHiDO RIVEft 



1411 



oompanj or by the laud holders of the valley. In the litigation which 
followed ike deBtnictiou of the : salt workfl, th6 Now Liverpool Salt 
Company, hs owner oif the Bijlxmerged land, obtained a deeree perpelru- 
sUy enjoining; and Nstraining the 0. D. Co. from diverting water from 
the Colorado River in escess of the aubatantial needs of the people de* 
pendent on the capal for water supply for dcimestic, irrigation, and 
such other lawful purposes as the same may be applied to, and with a 
further provision as to the control of the water divert«d so that it will 
not overflow on the lands of the complainant. Later proceedings re- 
sulted in a most remarkable construction of the last portion of the in- 
junction, so that now the Salt Company practically cannot object to 
the use of the basin as a natural sump. 



TABLE 19,— AHALYSiS or Water OF New Eiver. 
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Providing for the region an efficient drainage system to carry all 
the waters into the Salton Sink would have required a large amount 
of money — so large that the date of its establishment would have been 
delayed very far jnto the future, much too far for the, valley's real inter- 
ests. This is true because it is plainly not the business of an irrigation 
company to supply a drainage system, and all other interests of the 
valley are very much divided because of the mutual water company plan 
of organization, and because of the usual lack of co-operation among 
farmera. Furthermore, the need for drainage of irrigated land is 
usually not recognized in time, and not admitted when it is recognized. 
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Indeed, ia spite of the rather alkaline diaracter o£ the lands in 
Imperial Vall^, ea already erplaiinod, it was not until Worember Ist, 
1911, that any eeriouB su^estion w«h made for a commonity drainage 
canal — in Imperial Water Conqiany No. 8 — the reasotiA then chiefly 
urged being: 

"The loBs of ground and bad appearances caused by the ends of the 
irrigated landa being covered with weeds or wild grasa or perhaps 
nothing at all aa the result of standing Water." 

A few spots in Imperial Valley are beginning to indicate an unde- 
sirable increase in alkalinity, and it is most fortunate that the magnifi- 
cent main drainage ways of the Alamo and Xew River channels exist. 

S ALTON Sea. 

From a geological and spectacular point of view, the creation of 
the Saltan Sea in so short a time was one of the most striking eflecta 
of the riyer diversion. The water filled the basin to a maximum eleva- 
tion of — 197.4 U. S. G. S. datum, or —204.2 S. P. datum, the maxi- 
mum depth of water being 76 ft The total area covered at this time 
waa about 445 sq. miles, with a len^ of 50 miles and n width of from 
10 to, 16 miles. With the exception rf the Great Salt l>ke and Lake 
Michigan, the sea was the largeet body of water lying wholly within 
the United Sta1«8. 

The water rose at the maximum rate during the latter part of 
June, 1906, v^en it gained nearly 7 in. per day, or 16.4 ft daring 
that montii. From the reconnaissance map of the Salton Sink, pub- 
lished by the U. 8. Geological Survey in 1906, it would appear that 
the areas of the various contours of the basin are about as follows: 

Square UUea. 



,.... 240 



— 50 ;.... 1150 

— 0... 1^50 

+ 30 (old beach line) 1950 
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TABLE 20.— ANALiaES of Water raoM the Salton Sea 
AND THE Colorado Biteb at Various Srasohs. 

Hade by Dr. W. H. Boas, of the Agricultural Experiment Station, 
University of Arizona, Tucson, Aris. 
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Practically all the water *hich enters Salton Sea «omea from the 
Alamo and Kew Kivere, which, under normal conditions, are now 

importaat chiefly as drainage channels for the Imperial VaUey. Fre- 
quently, however, very heavy precipitation occurs in violent storms over 
small portions of tlie area draining into the baein, but the run-ofl, 
though occasionally of considerable quantity, is not relativel; im- 
portant. The total annual inflow is at present probably 200 000 acre-f t., . 
or sufficient to cover the surface of the sea about 0.7 ft, ia depth, while 
the evaporation is probably between 6J and 6 ft. and the percolation 
insignificant. 
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TABLE 21. — Composition of OcEaw Watek. 

(This table gives the mean of 77 analyseB made by the Challenger Ex- 
pedition, Challenger Beport, Physics and Chemistry, Vol, l,1884jp. 203.) 
/stated by Ions. Parts per 100 000. 
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Quite a little speculation ha^ been indulged in regarding the length 
of time which would have been required to fill the Salton Sea had the 
Colorado Elver not been re-diverted. Most of such computations are 
based on too low an average flow of the river past Yuma, which it now 
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seems is in escesa of 12 000000 aote-ft. per annum. As a matter 
of fact, however, the inflow from the Imperial' Valley region will 
constantly increase, and the quantity evaporated will decrease directly 
nith the decrease in: water surface exposed, so that a balance will 
be rea<^ed probably in ei^ time as the inflow will - average between 
350 000 and SOOOOO acre-ft. per annum from all sources, and the ex- 
posed -surface will cover between 60 000 and SO'OOO acres. At such 
time the maximum depth of the' sea will bebetwem S and 10 ft. 

Theaea has al/eady (Januiry,- lfll2) fallen about 22 ft., and has 
exposed flpproxiDMtely 118 iiq. miles ■which were under water. The 
salt beds were diaWved to such an extent as to render the water 
of the sea quite salt, unfit entirely for drinking purposes, and it was 
assumed that the land which it covered would be hopelessly alkaline. 
This does not seem to he the ease, and a very considerable acreage 
of such exposed land is being cultivated wi^ entire success, 

UuOh speculation was indulge in kegfttding tfad' effect of this 
body of water on the rainfall and climate of the Southwest. A care- 
less consideration of the priacipitation en the' drainage area of the 
river, particularly that bf the Oila water-shed, befors arid after January, 
1906,' might lead to. the conclusion that the ef^tis i|aite marked^ 
The period from January Ist, 1905, to date has been one of very 
heavj- rainfall throughout the Southwest; its'-most remarkable part 
being early in Jatiliary, 1905, which was before the formation of the 
Saltern Sea. Prcrfessor' Alfred J. Henry* points out the fallacy of 
such an opinion, as follows: 

"Admitting, for the sake ,of argument, that a body of water 
• * *' existed • • * 60 miles long, S miles broad, and say 
25 feet deep on the average. * * » The cubic contents would there- 
fore be 60 X 8 X 0.0047 = 2.2 cubic xniles of water. The normal an- 
nual-rainfall of Arizona :* • " is 11.75 inches [while in 1905 it 
was 26.6 iDcbeB],'or ^u excess of 14.85 inches, an amount niore than 
equal to the, normal annual . rainfall. '"' * * As the area of the 
Territory is 113,956 . square miles, • * • the number of cubic 
miles of rain that fell in Arizona in excess of the average was • * * 
27, ■ * * * twelve times greater than ■ the total volume of the 
StJton Sea. lii other words, the total volume of the latter would , 
barely suffice, to produce one-twelfth of the surplus rain that fell in • 
Arizona, to say nothing of the, rainfall in adjoining regions. . The total '. 

• " Tbe^lton Bea and.tbe lUioIoll of tb« SoutlkweeC" U<fntl\ly Weather Beiiievi, Waeb- 
ingtod, Decamber, 1)K», 
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amQunt of vater iu>w in Salton Sea, if uniformlr distributed in 
Arizona, would cover. the TepntQij to. the dftpth of about an inch and 
a quarter, or the equivalent of one good soaking rain." 

As a matter of fact,.:die area of the Salton Sea and X>aguna 
Maquata combined aie insignificant when . ^ompdrad with that of 
the Gtilf of Oalifonuf^ and are just about a^ far from Arieona. Pro- 
fessor HenT7 . concludes that the Salton -Sea has increased the relative 
humidity in the iBimediste vifunityin a' slighi'measure; that it is 
improbable that aaf considerable portion of the vapor it givea off 
passes beyond the immediate confines of the desert; and that there 
might be a tandent^ toward lower maxinnim and higher minimum 
temperatures in a narrow xone immedittt^ BurrouBding the aea, par- 
ticular!; on the leewtrd side. 

Inteknatiosai. Negotutiohb; 

When the Mexican Co.- obtained its concession from the Uexican 
Gtovemment, Col. Jacobo Blanco, tl^ Chief of ■■ the International 
Boundary Line Conuiiission for the Mexioati Qovemment, with head- 
quarters at El Paso,. was appointed Inspector of thd Uozican Co. and 
its Operations. In 1906, CoL Blanco died, and his successor on the 
International Boundary Line Commisaion was Senor Fenkando Beltran 
yPuga, who was also appointed his auccassor as Inspector of the Ifox- 
ioan Co. The writer considers this appointment an exceedingly for- 
tunate one, as Senor Beltran yPiiga is : an exc^tionally efficient, 
aggressive, and fair-minded man, and an engineer, .with whom it 
has always been a satisfaction to transact business. Immediately on 
his appointment he acquainted himself with the conditions along the 
river and with, the afiairs of the Mexican Co., and has always acted 
pronjjitly and with decierton. 

In the spring of 1908 the United Statea State Department ap- 
pointed Mr, Louis C. Hilt, Supervising Engiheer of the IT. S. Reclama- 
tion Service, to represent the United States on. a joint commisaioii 
to work out the provisions of a treaty with Ifexico for, the control 
of the Lower Colorado River and an equitable distribution of its 
waters. This appointment - was in line wif^ President Roosevelt's 
firomise to Mr. Harriman, and was doubtless in a measure brought 
about at this particular time by the failure of Congress to take any 
action on the bill to relmhu'rse the Harriman interests. At .the re- 
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^est of the United Statea, the State Department of Mexico appointed 
a Commissioner, and rather natarall; selected Senor Beltran y Puga 
to represent the Mexican Government, this gentlemieil^s appoititmeiit 
being made on May 7tfa, 1S08, and practically simultaneous with the 
appointilient of Mr, Hill. Both gentlemen were instrticted to act to- 
gether and make a study of the works and operations necessary to 
complete international control of 1^ lower Colorado Bivor and render 
imposdible a rqtetition of tite recent disaster and the complete utiliza- 
tion of the waters of the river, such study to be in whatever detail 
might be deemed necessary. - 

This Comrnission new had a fbnUal meeting, which is very much 
to be regretted, considering the importance of the matter. Very 
Bhortly after their appointment, the Commissionera had' an informal 
meeting at which, according to private conversations which the writer 
had with both gentlemen, it appears that Senor Pnga submitted, in 
the form of a written memorandiun as the basts for discussion, the 
suggestion that both Governments cancel the eziating treaties r^rarding 
the navigability of' the river; that regulation of the flow of the river 
by extensive storage wbrks in the upper portions of &e drainage basin 
was desirkbte; thkt both Oovemmente determine the priority and 
extent of existing water rights and fix rules for granting future water 
rights; that a joint international commission should' make all en- 
gineering and other' investigations necessary, and divide the 'Coats 
thereof; that' all plans or projects existing or proposM along the river 
ilhotild be submi'tted 'to the investigation 6f the joint commission; that 
a report he made outlining, in a general way, the work to he doiie, 
Jor the purpose of haviWg a filll and complete treaty arranged and the 
necessary definite appropriations set forth; and that it woald he 
agreeable for Mexico to negotiate a treaty, either preliminary or 
final, at the earliest possible moment. 'It seems, however, that Mr. 
Hill could not find time to attend to the matter, nor were special 
funds placed at his dispoflal to defray the necessary expenses. At 
any rate, two years later, nothing having been done, on May 17th, 
1910, the United States Department of State replaced Mr. Hill with 
Mr. Wilbiir 'Kebliiiger, ' Secretary of the American side of the Inter- 
national Boundary Commission, with offices in El Paso and Wash- 
ington. This change of American Commissioners, however, has not 
had any apparent result th'us far. 
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It is hoped tlmt diBcuasion of this paper may bring out the explapa- 
tion for the, failure of thea^ -representativee of the two govermaente 
even to have a formal meeting in the 4i 76ars i^ich have elapsed 
since the. Joint Commission was , appointed at the request of the 
Stat^ Department of the United States. Swdi explanation would 
be partieularljinterestintr, because the writer knows Mr. Hill to be 
an unusuallj tactful, courteous, and aggressive gentleman, and an 
efficient engineer, and understands that Mr, Keblingw is also an 
nnusuallf pap^ble man. 

In any event, there seems to be no doubt that the M«iican Qov- 
ernnieat has been, and is, not only willing, but anxious, to arrange 
for a satisfactory joint control of the Lower Colorado River, and that 
the responsibility for nothing definite having bees aoctunplish^ in 
this direction, in large pleasure at least, resta with the United States. , 

Building of Volcano Lake Levee. 
The ^traprdinary quantity of water >rhich got. into Yolcano Lake 
during tiie summer flood of 1907 raised it h^E^^' '!""> it had ever 
before been known to be, and a large quantity of water passed north- 
ward through the K'ew River outlet. Furthermore, : a reconnaissance 
showed that the large quantil^r of overflow walei; had started cutting 
back .fingers fnom the Volcano Lake region toward, the river, which 
indicated the probability, of the diveraioo, of the Colorado River below 
the divide of the delta cone, along.the Fescadero, Ab^'aa, or Faredoiws, 
Therefore it seemed that another; portion of the ,complete levee . ^i^eiii, 
aa originally planned by the writer to hold beck the overflow w.aters 
of the Colorado from the Salton Baaio, should be ■ constructed— 7that 
portion from the momitains on the west sid^ of the valley eastward 
along the north of Volcano Lake to the low-lying, divide or ridge 
farther on. The C, M, Co., however, (Ajected to this, as Volcano 
Lake is entirely on, its, land and its utilization for irrigating a portioD 
of that, company's lands was considered, but found impracticable her 
cause of the, great variation in the water surface, the inundation of a 
part of the -land, however, at fiood times was simple, and permitted 
securing considerable pasturage. The C. M. Co., however, was willing 
to give .the right of way and permit the construction of the protective 
- works provide^ a permanent head-gate were installed at Cerro Frieto 
through which water might be let into the New River when the lake was 
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full. This was finally agreed to, and arrangeraenta were co^^)leted under 
which the Sonthom Pacific Companj agreed to pay the Mexican Co. 
for couBtructing this gate on condition that the Kezicon Go. vould 
arrange to hare 8 miles of levee to the eaat built. This was done 
and the gat« and levee were comi^eted just before the aununer flood 
of 1808 began to throw its waters into Volcano Lake. After one 
season the Mexican Qovemment compelled the removal of this intake 
gate and the levee to be built around in front at it, bo that it is not 
now in service. Plans for the gate and levees were presented infennally 
to tile Mexican Oovenunent Inspector of the Mexican Co., Senor Puga, 
and it was understood that their constructitm was approved and per- 
mission verbally given to begin work before filing maps and drawings 
and having them approved or changed as required by the Departmento 
de Fomento in such oases — this on account of emergency. It was not 
so underat4XKl by Senor Puga, and the conatruotion of the gate waa a 
needless expense. 

All this work waa arranged for and practically done while Con- 
gress was oonsidering the payment of the bills for the second closing 
and subsequent protective work, and wh^i there was no reason to doubt 
that a fair adjustment would-be made. 

BrECONSTBUOnON OF Ibrioation SvaiiM. 

As soon as the river control work was assured, arrangements were 
made to ascertain the exact condition of the irrigation eyat«m of the 
valley, and what was neoeaaary and advisable to do. in connection 
with it. Accordingly, Mr. "F, C. Herrmann, who Was added to the 
engineering stafi on.Febcuaiy 1st, 1907, was placed in charge of this 
work. The damage done by the flood was confined almost entirely 
to carrying away the flume by which the West Bide Main Canal 
crossed New River, and a similar flumcj 20 miles north over New 
Kiver, carrying water from the Central Main to supply Imperial 
Water Company No. 8. To rebuild the latter was impracticable on 
account of the immense barranca whi<^ had^been created at the old 
eroeaing, and it was decided to Milatge the West Side Main and extend 
it northward eo that all the territory west of N«w Biver would be 
served thereby. 

A wooden flume, supported by wooden piling, was designed to cross 
the New 'Biver gorge very dose to the location of the original flume. 
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carriwi awoy about March, 1906. Work was b^ira oa the structure 
and Pushed to completion. Thia flume is wortliy of note becauBe of 
its height; length, Bnd cost, as a quaHi-temporary structure: It is 1 860 
ft. long and the maximum height of the trestle iS S6 ft. It supports 
a rectangular flume, 16 it. wide and 6 ft. deep, built of 2-tBi redwood 
lumber with ship-lap joints. It has given exoellftnt service, and the 
leakage has been notably slight from th^ time it was ftiat put into service. 

SurvBjs for the reconstruction, eulargeroent, and extension of the 
West Side Main were hurried, and contraetB were let for the work, 
which was well under way when the financial panic of NovMiber, 1*3T, 
occurred. The conlxactora were forced into bankruptcy, and the work 
was completed by their bankruptcy trustee, which cauaed considerable 
delay, but water was turned through the reconstructed West Side Main 
late in December, 1907. Thia canal is 28 miles long — 7 miles in Mex- 
ico and 21 in California— and has a capacity varying frOm 800 to 400 
sec-ft., with 760 000 cu. yd. of earthwork moved at, a total cost of 
*8600O, and $6000for two tMnporacy fltructurea. . 

Some little .time later the Rose Levee, across the Alamo channel 
at Holtville, was reconstructed, with a waste-gate to pass the excess 
of water coming through the .Holton :Power OonapanT's plant and 
through the Alamo Waste-gate farther up that channel in Mexico, 
and a head-gate for the Rbsitas Canal. Both of these are of rein- 
foreed concrete, l^e waste-gate being of interesting deaign. and capable 
of paesing 2 000 sec-ft. with a total drop of 20. ft. In this way water 
whieh. must be furnished to the. Holton Power Cmnpiuiy under its 
contract is picked up below the plant and utilized; for. irrigation, as 
was the original intention when, the contract was -made. Xfaeee two 
permanent structures and the earthen dam cost $5S 250. 

Another important permanent. s'b'uctuie, known as the Seven-Foot 
Drop (Plates Lll, LIII, and Fig. 63), was built in the Central Main 
just south of the Boundary Line at a cost of $23 760, including three 
small structures adjacent to it, bitt not exactly a part' thereof. This 
structure takes the place of a wooden 10-ft; drop nearly 2'.tttiles farther 
on, which, by the way, had passed considerably more water than it 
was designed for and was in fairly good condition when removed 
after 8 years of service. 

The chute of the Alamo Waste-gate was repaired and again extended 
down stream, the result being a quite remarkable construction, Plate 
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his Board of DirecWra, resulted in comraeneine litigation to compel 
Imperial Water Company No. 6 to pay up back water rentals. The 
attomeyB of the latter company, in their cross complaint, attacked the 
validity of the mutual water company and water stock plan of a water 
riyht. The suit was before the United States Circuit Court, and in 
rendering the decision the judge expressed the opinion that the plan 
was illegal, and, practically speaking, the C. B. Co. wfis a public service 
corporation. This wag but an opinion, because the State Courts of 
California have to decide this question finally, as it is a matter of the 
Constitution and Statutes of the State of California exclusively. The 
effect of this Opinion, however, was to make the Southern Pacific Com- 
pany feel that it would be unsafe to advance the large sums of uion^ 
needed to reconstruct and extend the system on Hie expectation of b^ing 
repaid ultimately through the sale of additional water stock to cover 
the new territory which would be brought under the canaL This suit, 
as much as any other factor, is responsible for the fact that practically 
nothing has been done on the betterment and extension work outlined. 
This litigation with No. S, idtbough b^run in August, 1906, has not 
yet reached a definite concluBion. 

When Imperial Water Company No. 1 was organized, the capital 
stock was placed at 100 OOO shares, and the territory embraced within 
its limits was 135 000 acres. Of the excess , land, a large part was 
found to be well worth reclamation, so that early in 1910 no No. 1 water 
stock was available. Imperial Water Company No. 1 was unwilling ',; 
increase the capital stock without obtaining from the C. D. Co. a con- 
tract increasing the quantity of water it would be entitled to demand 
and so retain the basis of 4 acre-ft. per annum per share of stock. It 
was impossible for the mutual water companies and the C. D. Co. to 
agree as to the proi -tr division of the "water right" receipts for 
such 39 000 acT'is, ho no relief was afforded to hona fide settlers who 
had their land ready and had to have water or lose their filings 
under the rulings of the U. S. Land department. A trial suit was 
instituted, known as Thayer vs. C. D, Co., which was decided in favor 
of the plaintiff oh March 17th, 1911, by J'udge George H. Hutton, 
of Los Angeles, sitting for Judge Cole in the Superior Court of 
Imperial County. Judge Hutton in brief decided that the C. D. Co- 
was a public serrice corporation; that the rate for supplying water 
was 50 cents per acre-ft.; that the C. D. Co. was in a position 
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to aupply the plaintiff vithout detriment to the other water usere; 
au^ ordered that it do ho. This decision has been appealed to the State 
Supreme Court If it is upheld, the mutual water company will not 
be a necessary factor in obtaining water from the C. D. Co, This 
decision has not afFected the price of water stock in the valley very 
materially, because the various mutual wat«r companies own the dis^ 
tribution systems, and the difficulties of getting water from the short 
mileage of theC. D. Co. raftin canals throo^ other sources than the 
distribution systems of the mutual water companies are practically 
prohibilive. The decision, of course, absolutely precludes extension 
of the irrigated area any farther through such a water stock plan. 

Seepage and Irrigation Losses- — It is vei? unfortvuiate that a 
clause in all the triparty contracts requires the actual seepage 
and evaporation from each, mutual water company's distribution 
system .to be reported after a period of 3 years, and that the per- 
centage allowance thus determined should thereafter be made, to 
the end that the mutual water companies would pay .; for the 
quantity of water which could actually be delivered to the indi- 
vidual settlers. All the mutual water companies joined and selected 
an engineer, Mr. F. C. Scobey, to represent them in making seepage 
and evaporation determinations, and did quite a little experimenting 
and investigating. The engineers of the C. D. Co. also made numer- 
ous determinations under the direction of Mr. Herrmann, but for 
various reasons no experimentation was done jointly. The amount of 
work and expense involved greatly surprised tlie representatives of the 
mutual water companies, and proposals of a compromise were made, 
one thing helping to this being that. such representatives agreed that it 
would be distinctly unsatisfactory to have different percentages agreed 
on for each of the mutual companies, bA must obviously be. the result. 
The C. D. Co. was thrown into the hands of a receiver just as these 
negotiations were reaching conclusion on the basis of 6% flat allow 
ance. In the confusion following, the companies insisted on a 10% 
allowance, and this is the present status. ... 

The results obtained by Mr, Scobey have never been given out, 
but the experiments by the engineers of the C. D. Co. showed a sur- 
prisingly small loss. It appears that the very fine ^silt deposited in the 
distribution systems of the various mutual companies forms a prac- 
tically impervious coating on the sides and bottom, the measured 



Digit zed by Google 



IRHiaATION AKB HTVER CONTHOL, tJOLORADO E 



1439 



loaa in many cases being as small as 0.26% per mile and increasing 
to a masimum o£ 1% per mile. IVom lie available experimental data, 
computation of 'die losaes from the distribution system of Imperial 
Water Company No. 1, comprising nearly 375 miles of canals, gives 
the total for seepage and evaporation throu^out the year, under pres- 
ent operating conditions, as somewhat less than 7 per cent. The writer 
has no knowledge of so small a loss by seepage being reported by any 
authority heretofore. 

The experience has been that the mutual water company plan of 
organization to distribute water, obtaining it {rom a larger company 
at wholesale, is highly satisfactory, and it is commended for careful 
consideration by those who are contemplating irrigation work, if the 
local laws will permit. 

CaTicd Maihtenatiee.~~Ae far as the phj^ical maintenance of the 
canal system is cohcerned, it inay be said that the average life of 
the redwood stractures, cdijaisting of checks, drops, turn-outs, waste- 
gates, etc., is about 5 years for the smaller structures and 8 or 10 
years for the' larger ' ones. ' It must be remembered that water is 
used every dSJfin'ihe year, so that this experience has narrow appli- 
cfltiofi'. The ' chief deterioration is caused by a sort of dry rot 
begidning aboiit 1 ft. below the surface of the ground and ex- 
tending down not more than 2) ft It appears that deeper than 
that, regardless of the 'quantity of " water present, the heat does 
not become 'great enough 'to cause trouble, and- the tipper layer 
of earth is DearV always So dry ■diat the wood is not attacked. In 
the thin intermediate layer, which is both damp and hot, and perhaps 
where enough oxygen is available, dry rot appears very rapidly, and 
wood wei on one side and in contact with earth on the other has the 
earth side damaged to a depth of from i to 1 Jn., sometimes in 9 of 12 
months. Bedwood subjected to several kinds of treatment has been 
tried, but with little success. Oregon pine, for that portion of struc- 
tures covered by earth in that region, rota very rapidly indeed. 

The chief lesson taught by the maintenance of the canals — other 
than that the cost is unusually large because of tule growths and silt — 
is that inside berms must be- avoided, and when possible all canals 
except the sub-laterals should have a double or twin cross -sect ion. In 
the Imperial Valley the absolute minimum quantity of water is ap- 
proximately 25% of tie absolute maximum — a very unusual condition 
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of affairs. If the aectiops are identical, it is possible to use one canal 
for a long time, and have it never less than one-half full, and conse- 
g^uently the velocity of the water is never low enough to deposit the 
finer silt. This allows a sufBcient time for cleanins one canal and 
then the other every year. When tJue demand increases beyond the 
capacity of one canal, both channels are more than half full. In this 
r^on, therefore, it is possible with the twin section to control the 
velocity between the excessive silt-depositing lower limit and the bank- 
erosion upper limit with absolute certainty. The additional construc- 
tion expense of the canals for the twin section ia much more than 
justified by the very greatly reduced maintenance chaj-ges thereafter. 

Duty of Water, — As a basis for estimating the quantity of water 
required under the Yuma Project, investigations were made, under the 
direction of the University of Arizona Experiment Station, to deter- 
mine the water required for various crops in the Yuma, Valley. As a 
result of this work, it was decided that for Ihe average 40-acre unit, 
5.8 acre-ft. per annum, measured at the delivery box at one comer of 
the field, would be required. Such a figure is exceedingly inletesting, 
but was not obtained ujider the yaual operating 90odition9. Indeed, 
the sfltiBfactory delivery of water has been. made ao recently and in 
Buch relatively small quantitiea in the Yuma Tall^ as ^ot to justify 
any definite conclusions. 

Water has been actually used in irrigation in Imperial Valley 
for more than 10 years, and although there seems to b^ no reason why 
the duty of water there should not be essentially the same as in the 
Yuma Valley, the quantity used in the former is <mly about half as 
much as indicated by the e]q;ieiimental work mentioned. 

The crop census taken by the Zanjeros of Imjterial Wat^r Company 
No. 1 for that district during 1911 is as follows: 

Alf alf ». 44 262 acres 

Barley , 28 897 " 

Corn .:... :. 12 034 " 

Cotton .'..... 6 263. " 

Melons ....:......... 2 153 " 

Vineyards :: 1352 " 

Truck 1092 " 

Asparagus .■ 192 " 

Miscellaneous 3 327 " 

Total ...., 99572 acres 
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To supply thig acreage, the company bought from the 0, I>. Co. 
diirins the period 374 S6S oore-ft of water, or an average of almost 
ejtactlj' 21 acre-ft per acre under cultivation. This is net, after de- 
ducting the 10% seepage and evaporation allowance given by the C. B. 
Co., as already explained. Of this net quantity, aocording to the 
water company's report, 92.3% was deliyerod and charged to the stock- 
holders, making the average quantity of water used, measured at the 
farmeia' boxeo, 2.638 aore-ft. . 

The quantity of water nsed in irrigation depends on so very many 
different £a«torB — quality of the land, nature of the crop, proper prep- 
aration and leveling of the land, and time of irrigation — that it Is only 
by such general figures covering large areas that much tangible in- 
fonnation for eDgineers is obtained. It must be remembered, however, 
tb&t the wat«r supplied is charged for on a quantity basis, n4iicb 
undoubtedly tends to minimize the Quantity used, as well as the fact 
that the farmers know they can have all the water they want at any 
time they want it, every day in the year. On the other hand, water 
U9^ — stockholders — are charged their pro rata of maintenance and 
operj^tjon espeoses, regardless of wheth^ or not they use any water, 
and also for a minimum of 1 acre-ft. per share of stock. Additional 
water ia,60, cents per acre-ft 

The, itse qf water is . increasing in this district, and is in large 
measure due to the, increasing acreage in alfalfa and cotton. The 
Sgures. are:, 

190» : :214 333 acre-ft., net. 

1910. ..■.:. .:.:.. ;...■.:. 236631 " « " 

■■ 1911. 274^65 ■*' " " ■; 

1912 (Estimated) ..320 000 "' " " 

The figures for other districts are not available, but are probably 
similar. 

Litigation. 
The Bait Works Suit. — The New Liverpool Salt Company, whose 
property was inundated and destroyed on March 8th, 1905, began suit 
for damages to the eztwt of $180000 for land and salt deposits and 
$30 000 for plant, changing the figures to $325 000 and *76 000, respect- 
ively, when the destruction became complete. In July, 1906, a compro- 
mise was suggested on the basis of $50000 cash, but the management of 
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the 0. D. Co, declmed to consider it On January lOth, 1908, the 
case was decided, awarding the Salt Oompany $45S740.S3 damages 
and $1 600 costs, and a permanent injunction- *as issued restraining 
the irrigation companies from diverting mbre *atOT from the Colorado 
than would supply Ihe substantial needs bf the people lefiditig in the 
valley. Laten the United States Supreme Gowrt affirmed the decision, 

ActioTis of the 8(yutkem Pacific Oeinjwxny,— When this adverse and 
excessive judgment had been rendered, it was 'eeen that the United 
States Courts- wmild hold the C. D: Cb.'Iiabfe for all damagde caused 
by die diversion of the river, reg'ardleea o£ Ute faot that it bad Occurred 
in Mexico.' All personal property and unsold water stock, thei«fore, 
was turned o»er to the Southern Pacsfic' Company at fair'pricee, und 
future payments for water rentals were assigned to the.SoUthem P&cifio 
Company until the moneys loaned by it should have be*li repaid. 'At 
the same time; suit was brought in the United States Court for dam- 
E^gm sustained in America, and suit was filed in the Mc:tiean Courts 
for damages sustained in both Mexico and the United Stated and 
all re&l prc^ierty in the respective cotmtries was attadied. 'The sniU 
in the United States are Still pending. Judgment was rendered' in 
the Mexican Courts fof $900000, gold^ algainSf Uie Mexiean' Col, and 
enough property of that company was ordered to be sold' to satisfy 
this judgment. Anothw Mesioan corporation was formed by the 
Hatriman interests, and pennisaion to hold the twnoeesidn ^i thh orig- 
inal Mexican Co. was obtained from the Mexican authorities; - At the 
sale, held on January 28th, 1911, this new Mexican Company bid in 
all the real and personal property of the Mexican Co., including the 
concessions from the Mexican Government, for the sum ,of $326 000, 
gold, which was less than 40% of the judgment. Thtfs nothing now 
remains of the original Mexican Co. except the organization, with a 
$675 000, gold, judgment against it, and additional suits aggregating 
nearly $2 000 OOO in the Mexican Courts, and absolutely no property. 

The new Mexican Corporation, called the Lower California Land and 
Water Company, Oompaniade Terrenos y Agtias de la Bajd California, 
Sociedad Anoniwia, owns practically all the parent irrigation company's 
holdings in Imperial Valley having any value; but has not yet taken 
possession. Shortly after the sale by Court decree, fraudulent dealing 
was alleged, and on November 18th, 1911, it was advertised that the 
Judge of the : First Instance at Me^icali would hear any and all 
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Gomplaintaia; the matter. No one appeurfid, and it aeems probable 
that the Talidit; of the sale mnat tiierefoie be confiimed. In that 
event, the new oompany will be iiee of any conla'acta widi the mutual 
water companiee, the C D. Co., or any one else, and is probably quite 
beyond the reocdi of the American Oourte. This, however, meane little 
to the water uaera living in either the United States or Uezico, as the 
Mexican GoveFiilnent bae issued rules and regulations by which water 
must be sold under the Mexican conceesicoi, and these &x the price at 60 
cents per' aore^ft, and practically in no wise aSeCt the conditions under 
■ which American users now receive water. 

The C. D. Go., ia that event, would be a mere shell; it owns only 6C 
miles of main canals which produce no revenue whatever, cost no little 
to maintain, and are hence liabilities instead of assete; it also o^ns ila 
office, STDunds, and buildings, all of which are under attachment, and 
ita liabilities exceed $2 000 000. 

Appointment of Becewer.— On December 16th, 1809, ih.B Title In- 
surance and Trust Gompanyi trustees for the bond issue of the C. D. 
Co., a[^ed to the Superior Oeiirt of linperial County to declare the 
C. D. Co. insolvent and appoint a :Beeeiver, which application was 
granted. The Southern .Faci£o Company has bou^t approzim^ely 
$3S6 000 worth of Receiver's certificates, which, together with the mqor 
portion of the water rentals received from the mutual water companiee, 
has kept the property goin^. Amilication has been made to sell the 
property, but this has been delayed as long as possible by the attomcTs 
represmiting the bondholders, the New Liverpool Salt Con^iany, end the 
old stookholdeTs of the C. D. Oo. In a. few montim, however, it seems 
probable that this nill be accomplished. 

Formation of Imperial Irrigation District. — Because of the varioos 
difficulties end the serions litigation, the people of Imperial Valley, 
on July 14th, 1811, by a vote of 1 304 to 360, elected to form the Imperial 
Irrigation District. According to the present law of California, this 
district cmi cuidemn proper^, even of a public service corporation, 
and all taxable property within the district is assessable for its needs. 
It is authorized to incur a bond issue of 60% of the assessed valuation 
of the property of tJie district, and' the five directors are dected by all 
voters in the district just aa in the case of county and State officiala. 
The assessed valuation of li^ierial County this year Is $16 161 923 ; the 
value of its products is $10 000 000. 
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It 18 intended to acquire all the property of the 0. D. Otf. and the 
main canals and works in Mexico, ^vlng bonds of the Imperial Irriga- 
tion District in exchange therefor. It has not been decided definitely 
nbether the mutual water companies are to be retained, or whether 
the district is to own and control the entire water Bystem — ^probably 
the former will be done. 

The present law of California, under which this district was 
formed, is extremely interesting to water supply and irrigation en- 
gineers. It is a considerably changed form of the Wright IrrigBtion 
Act, under which, some 20 years ago, a number of irrigation districts 
were created in California, all of which resulted disastrously. It is 
believed that in its present form the- law is a practicable one, and ex- 
perimice with it will be awaited with much interest. 

The Abejas Divebsion. 
■ The excessive overbank flow. during the summer flood of 1907 started 
cutting back fingers, as has already been stated. The flood of 1008 
continued the work, and mad^ It evident that the deep finger' which 
first would have its grade receded to and throuf^ the bank of the 
Colorado, and thus again divert the entire river to the west, was 
one of the feeders of the Abejas, and' that aath diversion would occur 
about 20 miles below the International Boundary Line; 

The BituBti<m was carefully watehed, and the. various interests 
affected were fully advised of developments. The United States Gov 
emment had taken no tajigihfe step te repay the moneys expended 
in closing the second break and'ib subsequent levee protection work, 
nor anything definite whatsoever with the Mexican QavemmeAt look- 
ing toward a joint and satisfactory control of the sitnation. All in- 
terests, nevertheless, seemed to feel that -the Soiithem Pacific Company 
.would advance funds to protect the valley when, a critical stage should 
be reached. The writer, in local diarge of the situation for that com- 
pany, hod become fully convinced that tlie truest and best interests 
of all concerned would no longer be served by the railroad company 
standit^r in the breach, and recommended doing absolutely nothing 
further In protecting the valley than to maintaiil the existiag levee 
system. In lalmost everything there comes a time to decline longer 
to carry the entire load. This recOnimejidatlon was ai^roved by the 
higher officials. When the summer flood of 1909 had passed, the 
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eapected ditersion was an accoropliahed fact, and as a result the entirt 
low-water flow -followed through the Ab^eS, spread out in a wide sheet 
withont any defined channels, gathered into Volcano Lake and Hardy's 
Colorado and thence reached the Oiilf. 

The water in the river at the break dropped some^at, andi aa 
the river fell to ita low-water stage, the water surface for a given dia- 
charge was found to be imuaually low. The reasons for this have 
already been explained, but were not then fully understood. The 
demand for water in the valley increases greatly late'in January, on 
aooount of the barley crop, and a serious water shortage seemed very 
.probable. 

■ Svhmerged Weir. — On. urgent repreaentalaona to the War' De- 
partment, backed by the recommendation of the Beclamation Service 
engiDeei^, .permisiion wae granted in Marchi 1910, to build s; tempo- 
rary obstruction ;in the river opposite tbe concrete Jiead-gate, in order 
to raise tbe water a few f?et and increaae the flow in the canfd. Work 
waa started, but the river began rising and rendered it- temporfuily 
unnecessary. When the sunimer flood receded, iii July, the situation 
was again critical, due to the large requirements in the valley, aad 
work was resumed. 

A trestle consisting of 4-pile piers^ 15 ft. from, center to cepter, 
was dri«en across the river at an angle of about 70 degrees. On this a 
railroad track was laid, and a little brush and considerable i;ock was 
dumped therefrom. Of course, there. waa no difficulty in developing 
a head of 2j ft. This weir or obstruction prevented any danger of 
water shortage in the valley, but, not being square across the river, it 
produced eddy currents, just below it on the Arizona side, which cut 
away the bank to some extent and necessitated considerable expense 
in bank protection work. 

The permission of the Government waa given for this construc- 
tion, on the understanding that it waa to be temporary, and would t>e 
removed before the next spring flood. In March, 1911, all the piling 
was blown off, not pulled. , ■ 

Late in 1910, arrangetiienta were made to obtain the large suction 
dredge. Imperial, and with it in service no fiirther immediate difficulty 
in diverting sufficient water is anticipat«d. (See page 12831) 

A very important fact, however, waa developed in the eonatruction 
and attempted removal of' this weir, namely, that the small Quantity 



Digit zed by Google 



143Q IfiRlOATION AND BIVEE CONTROL, OOLOHADO BITBR 

of rock dumped from tbe trestles whidi waa required to raise a head 
of 2i ft. at low-water stages — about 10 000 aee-f t-^was not imder- 
mined and did not settle eseept to a slight extent in a few places, with 
tbe summer floods of 1911 and 1912. These floods w^e ordinarily large, 
and, passing over it, had little effect in taking it away. This result 
was surpriaing, eyen to tbe proponente-of rock All methods of building 
weira. Tbe length of time it finally requjree to eliminate all efiecta 
of this weir from the river flow at that point should be kept track 
of and reported to the Profession from time to time. 

All Parties Frightened. — All the interaete in jeopardy were now 
thoroughly frightened. It was finally realized that the Southern 
Pacific Company would no longer supply money for river control, and 
that the diversion -was not only an accepts fact, hut that the pro- 
phesied lowering of the river at Ihe concrete head-gate had tak^i place. 
The fear had been that the bed of the river would he lowered at the 
Abejas break approximately from 5 to 8 ft and that this lowering 
would 1-apidly run back up the river and have such an effect opposite 
the concrete head-gate as to prevent diverting enough water to supply 
the needs of the valley. This fear is how known to have been in 
large measure unfounded, as the permanent lowering of the water 
surface at the Abejas probably has not been more than 3 ft., and 
opposite the concrete head-gate not more than 2 ft., if indeed that 
much ai either place. 

Another fear was that tbe Colorado would now discharge directly 
into Volcano Lake, and during severe flood periods raise this body 
of water so high that it would flow northward and into the New River 
channel, thus cutting back a connection, permitting the river again 
to reach the Salton Sea, but by a course approximately 40 miles longer. 

As the summer flood came on, the overflow covering the low lands 
on each side of the Abejas, especially in the vicinity of Campo Lino, 
was higher than any existing marks on trees, etc. To prevent this 
water from getting over the low divide to the north and- thence te the 
Salton Basin, disconnected portions of the remaining gap in the levee 
line were parUy built, the C. D. Co. through ite Receiver paying the 
bills. While the work waa in progress, the water, for long stretches, 
came wiUiin a few inches of the top. of the fiU being thrown up, and 
was held south of th« divide only by strenuoua efforts. Probably no 
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¥My serUKU iipsultB wbulii tare followed in any event, altboogh the 
Kew River flume of the West Side Main might have been damaged. 

The people of Imperial Valley were now thoroughly frightened, and 
urgent applications were rushed to President Taft, in which the civic 
and commercial bodies of Oslifomia, especially Southern California, 
and the State officials joined. These applications pointed out the 
inability of American intercsta in jeopardy to handle a menace orig- 
inatiitg is Uexiccs and the injustice they suffered. 

CoNQBssa Appbopbiatbs si 000 000. 

In response to these applications. President Taft sent a special 
mesBage to Congress, and on the eve of adjournment the two branches 
of Congrees joined in a resolution, approved June 25th, 1910, pro- 
viding:' 

"That the sum of $1 000 000, or so much thereof as shall be neces- 
sary, is hereby appropriated out of any money in the Treasury not 
otherwise appropriated, to be expended by the President, for the pur- 
pose of protecting the lands and pnjperty in the Imperial Valley and 
elsewhere along the Colorado Kiver, within the limits of the United 
States, and the Fr^ident is authorized to expend any portion o£ eucii 
money within the limit of the Bep\iblic of ^exicO; as he may deem 
proper, in accordance with such agreements, for the purpose, as he may 
make -with the Republic of Mexico." 

On June 8th, 1010, the actiilg Seoretaiy of tlw ibtterior, Ur. Franlc 
Piwcer addreeged to the Preeident a communication baaed on informa- 
tion and recommendations furnished by Mr. Hill, Superrising En- 
gineer of the United States Beolamati<ni Service, advising as follows: 

"The aacertfunment of what is necessary to be done for the purpose 
of accoinpliahi&g permanent avoidance of these recurring menaces 
to life and prepay on both sides of the Int^national Boundary Line 
will require a thorough examination of physical conditions which, 
to be effective, should have the co-operation of both governments, and 
will consume consider^le time. In the meantime, unless prompt relief 
is afforded, a water shortage, if not famine, is probable in the Imperial 
Valley within the next two months. 

"In a country where the heat reaches an intensity of 120" and 
even higter, the great loss of property and tite menace to both animal 
and human life which may result, should such a catastrophe occur, 
renders it imperative that prompt measures be taken toward averting 
the same. To that end, I respectfully recommend that you' designate 
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an engineer having familiarity witli problemB involving' river oontrol 
to proceed immediately with an examination for the purpose of de- 
termining whether such emergency exists, and if so, to take the steps 
necessary to avoid the same." 

On the recommendation of Gen. W. L. Hai^iall, Consulting Engi- 
neer to the Secretary of the Interior, John: A. Ockerson, President, 
Am. Soc. C. E., and for many years Member of the Hisaissippi Biver 
Commission, was, on July 19th, 1910, appointed by President. Teft. 
He at once went to Yuma, arriving there on July 30th, by which 
time Ur. F. L. Sellew, Engineer of the Tuma Project, on Ifr. Ocker- 
son's request, had made a survey covering the immediate vicinity of the 
C. D. Co.'b intake, and had prepared a plat which showed clearly that 
the bed of the river was above the bottom of the head-gates and that 
the deficiency of nat«r in the canal was due mainly to the silting up 
of the intake above and the canal below the concrete head-gate. 

There were two possibilities: one was to get dredging machinery 
into place as rapidly as possible and dredge out the canal; the other 
was to raise the water In the river by a subaierged dam, the latter 
being .temporarily necessary because of the time required to build 
dredges to do the necessary work. At explained, the weir was b^un 
id the latter part of July and completed within a month, and the 
contract was not let for an efficient Bu<;tion dredge until late in 
December, the delays in starting the latter being in part due to dif- 
ficulty in arranging funds therefor, and' in part due to a belief in some 
quarters that, with the. submerged weir ib place, a dredge was 
unneceBS&ry. 

Mr. Ockerson made an. inspection of' the Imperial Vatley during 
the latter part of August, and about the middle of that month put out 
a surveying party which ran a stadia line along, the Colorado Kiver 
from about 6 miles below the Boundary Line to the Abejes break; 
thence down the dry bed of the Colorado for about 35 nuiles; down 
the Abejaa River from the point of diversion about 5 miles; and made 
several crosa-seotions of the Abejas for the purpose of selecting the 
best site for a rock fill barrier dam — all of which required about 6 

On October 4th, Mr. Ockerson reported to the Secretary of the In- 
terior that the Imperial Valley would never be'safe from the i 
of western diversions due to flood-waters until ample, works were c 
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atcueted to confine auch flood-waters to narrow limits along -the river 
proper; that there had been no appreciable lowering of the river bed 
on account of the Abeias break; that ih extreme caaea diTersions to 
liie weet might depreaa tba, lowrwater plane opposite the concrete head- 
gate and render it difScnlt to supply water to the Imperial Valley with 
the present divertii^ works; that the maintenance of levees consieta not 
only in keeping np the cross-section, freeing it from weeds, brush, and 
burrowing animal;, bat: also in holding in check the tendency of the 
riven to erode the banks and threaten to breach the levees; that a levee 
located 3 000 ft. from the westerly bends of the stream would probably 
remain intact for a long time; that if ttie C.:D. 'Gd> levee line had 
been otUried down along the river instead of where it was buih in 1907, 
it would have reached' a point S miles below the Abejas break, and no 
bieak would hare* ocourr«d there; that completing fhe- nf^er levee 
would undoubtedly ■ protect the. Imperial Valley from iraids for a 
short time, .but constituted only :a partial aolutioti of the prob- 
lem, and even that only temtWrBiily; tliat, finally, the proper protec- 
tion of lands in the Imperial Valley required that the Colorado Biver 
be restored to itB.fonner channel and'an effective line of leveee be 
built from a point on: tie existing levee system about 6; miles below 
the International Boundary Line and following along the west side of 
the stream to a distance of about 3 000 ft. from the westerly bends 
of the river, approximately 25 miles, where the flood heigjit would be 
at an elevatien below the ground line in the vicinity of Volcano Lake 
and any diver^on of the water would not cause a tendency to flow 
north. .... 

It was estimated that such a levee would require about 1 300 000 
ou, yd; of earthwork and 450 acres of clearing and grubbing; and it 
was recoHunended' that the top be 8 ft. wide, the sieves 3 t» 1, and the 
berm between the toe of the slope and the edge be 40 ft. wide, and 
that borrow-pits be on the river side, with traverses 50 ft. wide at 
interval of -40(1 ft 

.In commenting on the situation early in September, 1910, Gen. 
Marshall recommended completing tJie northern line of levees, as origi- 
nally designed by the writer, to prevent the water from getting, north, 
and providing a suitable and practical intake for the eanak of the 
C. D; Co. He also suggested that, if the present intake (concrete 
heading) be cl(«ed and the Imperial Canal bo extended to the Laguna 
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Weir, the matter would be solved, as far ae Ameriaaji intereats were 
involved. 

River Levee Plan Adopted. — A moDth later Mr. Ockerson w«kt to 
Washin^a for a confeionce, the result foedng that the vork suggested 
by him was ordered begun. On Kov^nber S5th bids for the levee eon- 
Gtruction were opened in Yuma.- Acoording to the specifiostions, the 
contraetor was to assume all risks of interruption of the wo:^ by flooda, 
and as the season was by this tiine far advanced, the. prices were denned 
too high and endeavors were made to get the woit done oa f (woe account. 

At about the same time it was discovered that the Mexican Gov 
eminent — as would naturally be expected — could not oonsistently per- 
mit the United States Oovenun«it, or any of its offioials acting as 
such, to perform work on Mexican soiL For six years, Uie need 
for making satisfactory arrangements and agreementa with the Mexi- 
can Government regarding the Colorado Biver and its control, and 
proper and equitable division of its waters, had been fully underatood, 
but practically nO progress had been made. That fact, however, makes 
it even more surprising that requests on the part of the United States 
should have been, made to enter Mexican territory and do work therein. 
The difficulty was very easily overcome, of couiae^ by operating throu^ 
the medium of a Mexican corporation, as the Southern Facific bad 
done, and the CM.. Co., which, as has been explained, is &.texj large 
land company, was chosen. Consequently, nothing was done in the 
name of the United States, but the engineer in charge^ acted under 
power of attorney from the 0. M> Co., there bdjig a gentleman's agree- 
ment between the United States and the C, M. Co. 

In this way, on December 12th, contracts were awarded for levee 
construction, the first miles, aggregating 435 000 cu. yd., at from 
10 to 22i cents; the next 6 miles, aggr^rating 336 000 ou. yd., at 23 
cents; and the remainder, aggregating 326 000 cu. Jd., at 86 cents. 
Thete figures were afterward considerably increased, the total quanti^ 
being 1277 984 cu. yd., and the total cost, including $20000 paid for 
duties, $452 434. The work in the immediate vicinity of the Ahejas 
break and the small <luantity of grading on 4 or 6 miles ef temporary 
track was done by the C. M. Co.. on force account President Lovett, 
of the railroad ifempany, offered to supply, essentially at cost, all the 
organization, men, equipment, and supplies required for dosing the 
break and for doing any other work that' might be deemed necessary. 
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The Mexican Gorernment had givep. anurances to.tife Ao^^ncan 
Mitilatei' that duties on stock) material, and supplies would .be; remitted, 
which, naa eoQSideiably : more than had- been done, when the railroad 
had the work in charge.. The Gov^nment offieiala, ,howeTer, were wt 
Batis^ed with this, andtibought that. all. material should he .passed 
free — a matter .veiy mijch.. more difficult to arrauge .under Mexican 
laws, as it would require Congressional actios, and that country, was 
already in the throes of a rsTolhliAn. However, after a delay of 2 
weeks in getting stock across the line, it was decided to arrange for the 
duties and dex>end on a refund later. The contractors b^:an work 
early in January. At about the same time one pile-driver was put 
to work on a trestle across the Ahejas, and by February 24 (river dis- 
charge, 11 000 sec-ft.) the temporary track was completed to and over 
the treatle, and rock dumping began. 

The method was that developed in closing the first and lecond 
breaks, and used later in closing the gap in the Laguna Weir, one 
trestle being deemed quite sufficient, as the maximum head was not 
expected to exceed 7 or 8 ft. At the Andrade quarry there were approxi- 
mately 15 000 cu. yd. of rock ready to load with steam shovels, and 
the quarry was well developed, having a face about 900 ft. long and 
averaging 40 ft. high. Two 4-cu. yd. steam shovels were secured from 
the Southern Pacific Company, and a 2J-cu. yd. shovel of the Recla- 
mation Service was brought down from the Laguna Weir. Work 
trains, men, and ''battleships" were obtained from the railroad, as 
required, and rails and track material were furnished on a rental basis. 

On February 7di, a sudden rise (maximum discharge, 23 000 sec-ft.) 
caused a breach in the trestle; this was closed 10 days later. On March 
7th another small rise in the river carried away seven bents, and 6 days 
later another rise (maximum discharge, 35 OOO sec-ft.) brought down 
a mass of drift and wrecked a considerable length of the bridge, caused 
the loss of a pile-driver and one steel "battleship," and drowned one 
mas. On the 3Sth the pile-driving was resumed and the operations 
were continued without further mishap until May 15th, when work on 
the dana was shut down. ' 

In making this closing, the rock fill was not kept at uniform height 
for the entire length of the trestle, the overpour for some of the time 
being confined to three places with a total length of from 260' to 275 ft. 
It is probable that this explains In large" measure the breaking of the 
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trestlesby' floods and drift, after obtaining an effective rock mattress, 
such as ia provided by dumping two or three cuts of "battleships" all 
along. In building the Clarke DaUi, floods (maximum discharge, 
32 000 sec-ft.), with heavy -drift, threw the trestle ont of line in only 
one place after rock dumping began, and caused no Other damage. 

The nvtmber of cars unloadM in the Abejaii closing work is given 
in Table 22. 

TABLE 22. 
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The total quantities were: 139 860 cu. yd. of "battleabip" rock, 
' 193 cu. yd. of flatcar rockj 516 cu. yd. of Declez rock, and 1 09^ cu. yd. 
of quarry rock in dinky cars, a total of 143 400 cu. yd. up to May 
.2d. . The total quantity of rock used, to May 15th, when work closed 
down, was about 180 000 cu. yd. The. total cpst of the dam ia given 
as $347 500. ' . ' ' 

Abqut 140 000 cu. yd. of rock were used before the water was 
practically shut off in, making this closing. The reasons for requiring 
such a larg? quantity probably are that relatively little flatcar rock 
of large size was used, the fact that the rock fill was not carried along 
at a imiform height for the entire length of the overpour, and the slow 
rate at which the rock was unloaded. The first methods of quarrying 
were not well adapted for giving the maximum output, consisting of 
operations along the top. of the rock mass by the edge of the quarry 
face, but, later, horizontal tunnels were driven into the quarry face at 
intervals along the bottom and large charges of explosives were used, 
after whjch the output was much increased. 

The levee work went along very rapidly, the contractors fortunately 
e^icountering no flood difficulties or delay, and on April 7th the last of 
the grading outfit left the work. 
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While operations. w»« in progresa, the Bevolution in Mexico began, 
and resulted ia the abdication of Plresident Diaz. On February 21st, 
the Revolutionists captured Algoddnes, and took poasesaion of a 
work train for half a day. On April 16th a .large body of Mexican 
Federal tro<q>a arrived at the break and remained. guarding the work 
from interruption until May 10th. . 



■. RUN OF QUARRY 
CHAMBER BLASTS AT ANDRADE~FIRST SET 

Pounds, JuijBOli Powder • FouildB.*D* Giant i 

LuosenedupSieoOcu. yd. Swell, 1000l)cu.rd-Uat«nal broken fimall 



ELEVATION OF QUARRY „^m'''*^ 

S5 t.r' "^ t^.Sa>?\s\% 



PUt4 OF QUARRY .... 
CHAMBER BLASTS AT ANDRADE-SECOND SET 

Pounds. JudBon Powder • Pouoda^* Giant —i 

Loosened up a8 OOO on. yd. Swell, 1300O tii. yi-. Miiterlal broken ttnaJl ' 
FfQ. ««.■ 

Damage to the Work: — The' 24.6 miles of levees were constructed 
in accordance with the recommendation, namely, with a top width 
of 8 ft., aide slopes of-3'to 1, borrow+pits on the river side 400 ft. 
long, with intervening uncleared traveraes 50 ft. wide, a berm width of 
40 ft,, the entire ground covered by tiie leveeand the berm' cleared, 
and rooti and Stumps grubbed, and a miiek-ditcft, of such depth as -would 
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peach thvough the adobe soil under the constructaon, dug out and 
filled with good aatecial under the ixia of the. levees. £xcept for a 
very few cases of logs and brush in the levee section, and ineflBcient 
mudc-ditcdiing reported to have been disclosed where the lerees were 
broken, the dikes were very well constructed in accordatice with the 
specifications. The levee was built to a grade of "5 ft.' above the 
high-water marks of the 1909 summer flood, chiefly for the purpose 
of having" exceas material wherewith to remedy deterioration, rather 
than through any fear of overtopping from floods." No railroad 
track or gravel blanketing vas put oD liie leveea, because of the 
belief "that it would be better to extend the levees aa far as practical, 
rather than dissipate available funds for mere convenience of 
maintenance." 

A low levee was built along the sf^th side of the break, extend- 
ing from the dam- a short distance up stream, to prevent water from 
getting into the levee borro*-pits until the grading outfits had fin- 
ished work in the' vicinity. Aa the water in the river was gradually 
raised, partly by increased discharge (total, 19 000 sec-ft) and partly 
by increasing the height of the rock fill across the break, this low 
levee was, on April Slst, overtopped and almost at once about 
1000 sec-ft. of water started down the borrow^pit clearing, about 
2 000 sec-ft. going into the old Colorado Kiver channel. When the water 
hit the uncleared traverses it cut the berm and side-wiped the levee 
at almost every traverse for several miles. Work on the rook fill 
dam was stopped, and the men were set at work protecting the levee- 
Later in the day this was stopped, and work ou the dam was resumed. 
The latter was facilitated materially by the waters breaking over into 
the borrow-pita, the elevations of the water surface above and below 
the dam being quickly changed from 19.6 and 71.6, respectively, to 
78.6 and 71,0, the depth of overpour being r«luced 1 ft. and the 
head on the. stnicture 0.4 ft. By dumping rock and filling the holes 
where the confined overpour occurred, the situation there was soon 
in hand, and 8 daya later (April 29th) the elevation of the lowest 
point at the dam was 80.6, or 1 ft. hig^r than the water surface vp 
stream, where the water broke into the borrow-pits, and the flow 
over the structure was stopped. 

By that date the levee to the south was out entirely through in 
several places in the firbt 6 miles, and it was evident that the water 
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would sooD merely detoui around the dtoi and coutiiiue to follow 
the Abejaaehaimel- below. The river discharge dion was 31 900 soc-ft,, 
and ^oUt 4600 eeo-ft, were going down the lAl diannel, the remaindBr 
running through the levee breaks and toward the west Oh ila^ 
Vth, the discharge of the river' had increased to 32 800 eec-ft., of whidi 
perhaps 9 000 sec-ft, were running down the. old cfaann^ of the Colo- 
rado, and the water varied in' height frtmi 4.8 to. 6 ft below the 
top of the levee in the 2 miles immediatelr north of the dam. 

The rock fill was then up to the track all across, and the total 
percolation through it ivae reduced to about 130 sec-ft. The eddy 
uurrcDts bel6w the dam, 9 daye later, wealiened the earth fill about 
300 ft. fnHn; the' north end of the dam, until the wat^ broke through^ 
and in a few hours the entire dischar^ of ttie river (except a lil^le 
overbank flow) was going through it and down the AhQJas. .@oon the 
earth fill on the south was cut tl»ougfa, and thus the rock fill dam 
was made aii island in the Abejaa channel, which is the situation at 
present. 

The final injury on the levee work prior to the summer flood waa 
three breaks and aeveral places side-wi{>ed on ..the north levee< total- 
ing about 16OO0 CO. yd., and tiiirteen breaks/ varying from 8 few hun- 
dred feet to more than 2 miles in length, and much side^wiping in 
the first 8. miles of the south levee, totaling about 200 OOO cu. yd., or 
about 60% of. the original earthwork in this stretch. The fa^ th^t 
such dLaa^ter' was 'Caused by so small a quantity of water caching a 
mazimuTh depth of only 4 ft. on 'Ae Icvee shows clearly the ease witli . 
which 'tb'e material of the region is eroded; 

The protective measiirea used were sand bags and brush placed to 
check erosion, and the dynamiting, of the traverses which, with ,th,a 
drift their vegetation caught, deflected the water , to.- tl)e levee seetuQ. 
The latter procedure had ther bad eflfect of ooirvertiog tiie borrow-piti 
into a continuous Canal, but with severe eddy currents caused by the 
remains of the traverses.' These endeavors had little effect; indeed, 
to hold lojig Btretcbes of embankment against such action is practically 

impossibly ■.'..: ■ ■ . ■ ;! ,■ ■ ,' 

,.,;.■.,.-. . Bo*ED OF Review. 

On ,Ttine 1st, Mr. Keher, Secretary of the' Interior^ "called a Board 

of Review consisting of Jfr. F. H.' Newell,' Director of' the IT. S'. ' Re- 
clamation Service; Gen. W, L,. Marshall, Consulting, Engineer to the 
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Secretary of the Interior; J, B. Lippiscotti M. Am. Soc. C, E., for- 
merly a Supervising Engineer of the IT. 8. Reclamation Serrice and 
now an Assistant Engineer of the Los AngeleB Aqoeduct; Mr. C. E. 
Grunsky; Mr, J. A. Ockereon, Engineer, in charge of the wort; and 
Gen. Harrison Gray Otia, President of the C. M, Co., to report on the 
work dene 'under the appropriation. All the members of the Board 
have examined the territory and tmderstand the situation folly, al- 
though none of them except Mr. Odieraou has been on the ground since 
the Abejas diversion occurred. 

On June 7th this Board made a Teport based on information as to 
the recent work done and results obtained, supplied by Vr. Ockerson, 
and answering specific questions submitted by Secretary Fisher, The 
full text of this report is as follows: 

"1- — A breach in the west bank or levee of the Colorado Biver, 
if made at or within a mUe south of the California boundary, or 
south of Mile 18, below Yuma Bridge, will result in water flowing 
directly into the drainage areas of the Alamo and New Rivera and 
thence into Salton Sea, which would be disastrous to property in the 
United States. 

"2. — A breach in the river bank at any point between Miles 18 and 
66, below Yuma Bri«^e, will result in spreading water over the Delta 
of the Colorado River, with a flow into New River via Volcano Lake, 
menacing Imperial Valley. 

"3. — (a) The best practical method for the protection of land and 
property in the United States against a diachai^ directly into the 
Imperial Canal and thence through Imperial Valley into Salton Sea, 
is to protect and maintain the levees as at present located for a dis- 
tance of at least 10 miles south of the California boundary and to 
hold the river by adequate bank revetment practically on its present 
alignment. (6) This levee, if extended to a point opposite the south 
boundary of Arizona, or about Mile 27, will also prevent a dischai^ 
directly into the Paredones. 

. "4.— (a) As a remedial or precautionary work to prevent damage 
which might result from a crevasse directly into the Imperial Canal 
or Alamo River, we have considered a secondary levee west of the river 
levees, across Imperial Canal, and large channela leading to the natural 
depressions, or diverting works, conducting the water southwesterly 
into channels leading into Volcano Lake, but it is believed that the 
cost of any such secondary defence could be better expended in main- 
taining the main line :of defence at the river.' (ft) As a necessary 
defence against the northerly flow of any water reaching Volcano 
Lake, whatever be the treatment of the Lower Colorado River, there 
should be an embankment well protected sgaiust wave wash on its 
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south 9lop^, constructed about on the line of the leveea alr^dy. built 
extending from high ground north of Volcano Lake to .a connection 
with the levees already built b? the California Development Oompany, 
southwesterly, toward this region from the Colorado Biver. The top 
of this embankment Bhould at its weetem end be not leas than 10 ft.- 
higher then the rim land at Volcano Lake. Thia embankment is an, 
essential reqiiisite as a protection of Imperial Valley, against menace 
from the south, and should be constructed without delays 

"6. — (a)' The maintenance of the works constructed in 1906 and 
]907, closing thebreaks of the Colorado into the Alamo, and the main? 
tenance of these and of the river levees since constructed as far south. 
as the head of the Abejas are essential requiismeDts. Suitable ar- 
rangements for their repair and maintenance should be made with 
UeKico diTough the proper authorities. We do not comider the im- 
mediate closure of the break into the Abejas and the reooiBtruetion- 
of the levees below the break as essential to the protection of property 
in the United States. The ultimate treatment of this section of the 
Colorado Kiver in co-operation with Mexico may well be determined 
by negotiations between the governmenta of the two countries. As 
a feature of the permanent sohition of the river problem it isdeSixaU^ 
that the Abejas break he closed, that the levee constructed in 1911 be 
repaired and maintained, and the Colorado- Biver restored to its for- 
mer course, (b) Provided the water of the Colorado is disoharged into 
the Gulf of California throiigh the Abejas into the Pescadero and 
Hardy Biters, there is little prohabihty of the cut back affecting the 
Laguna Dam, Such cut hack will not injuriously affect the heading 
of the Imperial Canal or levees adjacent thereto, with a possible ex- 
ception of requiring the lowering of the intake of the Imperial Canal 
a few feet. This is not a serious matter, and is one that ehoutd be 
dealt with by the California Development Company itself when neces- 
sary. The diversion by the California Development Company should 
be facilitated during low-water stages by dredging, or by lowering 
the sill of its intake, rather than by placing obstructions in the chan- 
nel of the river belo* the intake. 

"In view of the existing emergencies along the Colorado River, 
arrangemehfa should be made with the government of Mexico to pro- 
vide for the early creation of an International Colorado River Com- 
mission, embracing in its membership both American and Mexican 
engineers, invested With lai^ powers and ample authority- to examine 
into and to submit a basis for the adjustment of all questions relating 
to the Conservation, ' use, and control of the waters of the Colorado 
River with a view to such governmental action as shall result in a 
complete, just, and final settlement of all such matters at issue between 
the two nations. We recommend that further work should be under- 
taken at once and in apprdidmately the following ordef: 
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"(a) The levees north of Volcano take should be Taieed, etrength- 
ened, and extended. 

"(6) The exiBting levees along the west bank of the Oolorado River 
to the Abe jaa should be repaired and (troteeted. For this purpose and 
to meet emergenciee, there should be immedi&tel; availahle &e suin 
of at least 91 (k)0 000. This sum providee only for the temporary 
maintenance of levees, and does not include the syetematio revetment 
of the river banks. 

"The conference ventures' to suggest certain iatematibnal questions 
which' are iavolved and which will inevitably have to helmet sooner or 

"(a) The matter of the permanent protection of esiati:^ works on 
both sides of the international boundary line, the construction of fur- 
ther works, and the conditions under which the pieaent and future 
projects may be carried out on Mexican' soil, with the consent and 
co-operation of the government of Mexico for the benefit of both 
countries, to the raid that the greatest practicable quantity of water 
of the Colorado Bivei may be made available for irrigation:b7 means 
of storage reservoirs and otherwise, sad the least possible. quantity he 
permitted to flow unused to the sea, and to what extent the cost of 
such maintenance should be chargeable to properties benefited and to 
what extent chargeable to either government. 

"(h) That permanent agreements with the government of Mexico 
shall be entered into, having in view the just apportionment of the 
waters between the two countries, irrigation to be paramount to navi- 
gation. ■ . 

"(.c) The method by, which either nation; m^ acquire rights of way 
for canals, leveea, and related works, each wltbiB the territory of the 
other,, and the authority to maintain auich works. . 

."(({). The modification of the. boundary line between the United 
States- and Mexico with a view to facilitating the solution of the entire 
Colorado Biver problem. An authoritative, just and final determina- 
tion of this important question, now a. matter of publjc diacuaaion, will 
have the effect of removing existing doubts .in the public mind and 
of settling, the matter for the benefit of all concerned. 

"The metnbers of the conferenae desire to call attention to the fact 
that the plan, and execution of the work accomplished during 1911 
followed Weil-established prineiiJea of good ei^neering. That so large 
an amount was accomplished in. such a brief space of. time, under ad- 
verpe circwuatances, iS' worthy of the highest. commendation. That the 
restoration "Of the Colorada Hiver. to its former channel was not real- 
ized is: chargeable to the delay, in the negotiations, which prevented 
prompt inauguration of the work and the prosecution during the low- 
water seasdn, and. also to the disturbed political srtuation. and strike 
which demoralieed. labor conditions. Ihe. Bieiaben of the >3pnferenee. 
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in addition to.tbc concJuaions above reach^, present also ti etatement . 

of pbyajcal and related facts embodied in an abstract of the .data avail-, 
able, and found largely in the reports of J. A, Ockeraon and of, C. E. 
Gninsky. Also in the printed hearings before a subcommittee of die 
Senate Committee on Claims,' referring to Senate 4170, January 21, 
1909." 

When President Taft received tliS report, he sent a special mes^a^ 
to Congress recommending the appropriation of another $1000000 to 
eontimie tte control work, but Congress failed to comply. It is desired" 
to call particular attention to the last part of this report containing 
Stiggestions a, b, c, and d regaisiing certain international qUeations 
involved, ■ rthich Sooner or latet inust be 'inet.' , These sn^estions 
eontain -the crux of the entire situation; and it is to be h(^>ed tha^ they 
will be expeditiously followed out. It is perhaps desirable to call 
attention to the wording of Suggestion' d regarding modification of 
the Boundary Bne between the United States and Mexico, the eug- 
gestion being implied that the matter be taken up more with a Vifew of 
putting a quietus t6' the proposition, than with the idea of obtaining 
any territory from the Mexican Oovernment. 

Sdbvbys by the New, Mexican Gompany.- .,, : 

A& aoon as tbe-summer flbod of. 1911 began to recede, and the- 
extent of the damage enstained by the new work was ascertained, thd 
Heninian interests : controlling the new- Mexican Company deemed 
it wise to ascertain bow effective the line of levees north of Volcano 
Lake, would be in hblding'back the waters^of a verylarge summer 
flood. Accordingly, three surveying ' parties were put but ■early in 
July' under the immediate direction.. of Mr. Hind. Tbeanrveys wer* 
carried down the river to The .Colony >and aa far west as ■ Volcano! 
Lake, much of the territory being covered qniie thoroughly. The field 
worii:was completed during the latter part of Sqitambfir, and the 
data were assembled and mai^>ed. ' Mr; Bandolph. analysed liieae daita ' 
and compiled a.reporC which was f orwkrded to Mr, R. 6, Lovett, Chair- 
man of the Executive Board in NeW Tork Oity^ recommendiTig: ■ 

Isti— iThat the westerly portionof'the: Volcano Lake levee be-raised 
and extended .BO' as to occupy a plane. 6 ft; above the then - pi*eeeDb 
crest; ai^d ,,.,,, ,,.,.■ 

2d.— That an: effective levee system, including a xock dam shuttii^ ■. 
off the Abejas diversion, feftDonatmctwl along the rive* to a distance 
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of 16 miles below such dam; that the entire levee should be blanketed 
with gravel ; and that a railway track be laid thereon in good condition 
for further operation when necessary. 

Mr, Lovott, on December 13th, 1911, made a formal offer to Presi- 
dent Taft, on behalf of the Southern Pacific Company, to return 
the Colorado Biver to its original channel and to maintain the levees 
neccsaaiT to keep it there for one year, providing the Southern 
Pacific Company be repaid for the work done in 1906-07 at President 
Roosevelt's request, in the sum of $1 088 673.97, being die amount 
reported as proper under the circumatances by Mr. Qrunsky in his 
statement to the Conunittee on Claims during 1008; and provided, 
further, that an additional appropriation of $1 500000 be placed at the 
disposal of the President of the United States with which to pay the 
actual coat of the work to be done and the cost of maintaining it for 
one year, the Southern Pacific Company to stand any excess of cost 
over and above such an amount; that the transportation chai^^es of 
the Southern Pacific Company in connection with the work should 
be in accordance with the arrangements in effect during the work 
under Mr. Ockerson'a direction; and providing, further, that should 
the Southern Pacific Company fail to return the Colorado River to 
its former channel and to retain the levee for one year thereafter, 
then in that event the Southern Pacific Company should receive no 
compeiisation :or reimbursement for the work which it wotdd do under 
that offer. 

This [wqposition was referred to Gen. Marshall, Consulting Engi- 
neer for the. D^artment of .the 'Interior, who, under date, of January 
5th, 1912, reported in substande that the work proposed should not be 
done either by it or by any other &gen«y on behalf at ihe United States 
at this time, nor until the entire 'Subject of improving the Colorado 
River and utilising jta water should he investigated. by an International 
CtHomittee representing both the United States and Mexico. The 
following day, the Secretary of the Interior, W. L. Fisher, forwarded 
Gen. Mushall's r^wrt to President Taft and approved of its con- 
clusions, stating that tbe suggestions constituted the most important 
recommendation of the Advisory Board of June 7th, 1911, and adding : 

"I consider it of great importance that n^rotiations should be im- 
mediately opened and vigorously condncted with a view of arriving 
at a treaty with^Hesico covering this subject."' 
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President Taft, in hia meaaag^ to Congress a few dare later, placed 
the whole matter hefore Congreaa without recommendation.* 

Perhaps the most important information obtained by these sorveys 
ie the feet that the averf^e elevation of the bottom of Volcano Lalce 
is 26 ft. while the general average prior to 1907 was 17.8 ft. above 
sea level. In other words, the bottom has been raised 10 ft. since the 
Colorado began toJow direclJy into the lake, during which time it has 
discharged into it approximfttcly 30 OOO 000 acre-f t of water. The streams 
below, draining to the Gulf, are now normally clear, showing that most 
of the silt content of the water reaching the lake is being dr<q)ped over 
ite bottom, together with some material eroded from the new channels 
formed by the diverted river. On the other hand, very mnch suspended 
material carried by the waters is let down before reaching the lake. 
The conditions are extreme, yet they indicate the extreme silt de- 
terioration which may be expected in reservoirs on the OUa, Salt, 
Verde, Colorado Kiver below t'he Needles, and similar streams. 

Improteubmt of Volcano Lake Levee and Repaui of Biteb Letke. 

Contracts were let on January 4th, 1912, for raising the Volcano 
Lake levee 3J ft. and widening the crown to 12 ft, 165 000 <m. yd. 
at 25 cents; repairing the recently constructed levee along the river 
north of the Abejas break, the contract calling for 15 000 cu. yd. at 
22 cents; and paving with rock the south or water face of the Volcano 
Lake levee, approximately 70 000 cu. yd., for *1.50 per cu. yd. This 
rock was obtained from the mountain sides at or near Cerro Prieto. 
The temporary railroad track fnim the C. D. Co. levee to the Abejas 
break was taken up, arid the track material returned to the Southern 
Pacific Company. 

Aeaiatant Secretary of the Interior Thompson went to the City 
of Mexico to make arrangements whereby the Government might do 
this '^rork in Mexico, but was unsuccessful. Until the United States 
concludes arrangements for working in conjunction with ih% Mexican 
Government, operations on Mexican soil will doubtless have to be 
handled in a roundabout way, particularly as long as there is fear of 
unfounded complaints that lawlessness interferes and delays the 
progreaa of euch work as may be perinitted. Mexico, however, author- 

•a«Bl» HoDH ymn-rriTit ""1 JVil fniiErrmi "i UnMinn 
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ized the foregoing werlc to be done by the- C M. Co. tbrough the engi- 
neer assigned by the United States to do the work, and a gentleman's 

agreement was reached between that company and the United States. 

CoNci-UBron. 

Because of the various suocesBful nnd lULBuaoeasful. work done in 
the r^on,' the engineering features of iirigtttion and livsr control 
along the Lower Colorado are now understood, and engineering con- 
struction methods are thoroughly developed. The succeBSful attempts 
in closing jb^sks along the river with rock fill harrier dama. according 
to the method developed during the first and second closings have 
standardized this class of work. ..The 8oathem Pacific Compej^y can 
easily, on very short' ntrtiee, fumiBli aU the equipment, men, .and 
organization needed to do all 'the various classes of work involved, 
directly or indirectly, in ooD,trolling the river. Tlie esseritial features 
of Bucceasful levee oonstruotion there have been made very clear. The 
mEiinienaDce and ot^eration of the iriigation oanals involve oaring foe 
excessive quantities of silt, and sufficient data regarding the silt prob- 
lem in the Main Canal have hotyet been obtained to decide on the 
most economi<ial method of diversion.' .■..■■,■ 

The Colorado River Delta now presents no unusual, unsolveid ^- 
gineering difficulties; its problems are chiefly matters of statecraft, 
in both river control and irrigation.- At the oonclusion— in the near 
filture — of eldsting litigation in American Imperial Valley, irfigdtion 
of the territory will be notably free from legal and managerial en- 
tanglements. This will "be as soon as, and not until, reasonable 'trea^ 
provisions betweep the two nations are srrang^. Such.a treaty ia^in- 
dispwisablfrfor the proper handling of river ccaitool work,^ Fortunately, 
both Governments profess not only willingness, but imiuitiettcei tead- 
juet the matter. 
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DISCUSSION 



L. J. Le Conte, M. Am. Soc. C. E. (by letter).— This interesting 
paper fumiaheB valuable information relating to the troublea of the 
irrigation engineer and the irrigators. A record of. the memorable 
Btruggles with flood-waters in the Colorado Delta in recent years will 
always he a source of valuable information. 

The rich fertilizing qualities of the silty waters of the Colorado 
Kiver are well known. The important point to keep in mind is the 
fact that the rich and desirable sediment always comes down with 
the first rising rirer waters, and the undesirable barren sandy silt 
during high water and the falling river stages. It follows, therefore, 
that the desirable silt is to be had largely from the rising river waters, 
and that suitable management and wise control of the scouring sluices 
and regulating gates at each end of the Lagunfi Weie are of the. greatest 
importance in the maintenance of the entire canal system. In order 
to rednce silting troubles to a minimum, the mean velocity of flow 
throughout the entire canal system should be as nearly uniform a« 
practicable. 

For this purpose the formula given by Mr. E, G. Kennedy,* is 
.very useful, namely; 

.Velocity = 0.84 d?*-", ■ 
hence, comparing one channel flow with another, we have practically 
the ratio: 

V : Pi .: : ^^ : ^d^ 
but, after all, the main feature to keep constantly in mind is that the 
mean velocity varies as \/ B S, and that S is the slope of ^he surface 
of the water and not the slope of the bed of the canal. With the 
best of management, however, there will always be some silting up, 
but the silt ought to be largely of valuable character, and when dredged 
and deposited on the bank adjoining the county roads the farmers 
will eagerly cart it away for fertilizing purposes.- The clean, barren, 
sandy silts which are so undesirable, should not be allowed to enter the 
head-works of the canal to any large extent. The coat of tbe Lagune 
Weir, $434 per lin. ft., when compared with the cost of the Kistna 
Anient, in India, $104 per lin. ft., seems to be unreasonable, but such 
comparisons are always odious, especially when all circumstances are not 
known. The annual revenues from the Kistna system amount to 
$1 500 000, and if the Laguna Weir system approximates this figure, 
in the course of events, all will be satisfied. 

The author's remarks about a "rating curve" are commendable. 
No official record is so absolutely unreliable as the conventioual rating 
curve for any given gauging station. It is worse than no record 

* Mi»ute» efpnteeedtngt, Inrt. O. tf.. Vol. OZIX, p. XI. 
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whatever, inasmuch ae it is a worthleas official record which will have 
to bo officially disproved in Court before one can get authority to 
proceed. Esperieoce everywhere on eedimentary rivers ahowa that all 
the crosa-sectiona of a rialng river are eoormoualy increaaed in area 
by the scouring out effect of the down-ruBhing flood-watere laden 
only with lighter sedim^it. The heavy sandy . sediments gradually 
crawl down river much more slowly than the rushing flood-wat«rf, 
hence th^ do not show until the river begins to fall. It foUowe that 
all the cross-sections of a falling river diminish rapidly in area and 
return gradually to the usual low-water croas-aection. Theae being the 
facte on every fiood, how is it possible for any sane man to get up a 
rating curve which has any practical value whatever! This is par- 
ticularly true in the case of a gauging station on the main river just 
above a large tributary stream. 

When the tributary stream is in high flood, the water in the main 
river is not only high, but the current ia often running up stream, 
which potent fact alone destroys completely the value of the rating 
curve. 

The author's proposed plan of building a wide rock fill dam, with- 
out any concrete cross-walla whatever, seenaa to be plausible, in view 
of the valuable experience in cloaing the big breaks in the Colorado 
Biver banks leading down to the Salton Sea. 

These rock fill dams have now stood the ravages of severe floods for 
the past 6 or 7 years, and are still intact and water-tight, for all practical 
purposes. The main object of the concrete cross-walls in the Indian 
dams is to shut off leakage through the broken-stone fill and hold 
the stones together. As the low-water flow of the Colorado Kiver is 
small (6 000 cu. ft. per sec.), it becomes very important to hold 
all the water possible. If a aucceesful, vride, water-tight dam can be 
made, aa described, without them, all well and good. The writer is 
of the opinion that it is well worth trying, from a financial point of 
view, particularly at such a site as the Laguna Weir, where the slope 
per mile ia only 1.2 ft. 

In India, the anicuts are generally built where the slope per mile 
is 3,B ft. and the river bed is pure sand of unlimited depth, 

MoRBiS Knowles, M. Am. Soc. C. E. (by letter) .-^Thi a excellent 
and exhaustive paper iB a most fascinating Story of the ever-chaining 
Colorado. The reader can almost picture himself on its banks, witness- 
ing the frequent breaks, overlooking the vast overflows, and tflklnlg part 
in the repeated' attempts at closure.' The Engineering Profeasion can 
indeed feel gratified that it has members who will patiently chrbniele 
events, analyze sittrationa; and faithfully tell of failures. 

Much is'relaited of irrigation needs, local causes and effecta'-of floods, 
notable works built and projected for the fdnoer, the great eniergency 
eonstrutrtion to overcome the latter, and studies and plahri for ■future 
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Ki»^i<R P™^®*^*'°° "^ control. Little taa been said, howerer, of the pOBsibili- 

ti 68 of prevention, of great worke tbat might be built to hold back 
the' 'flood flows and let Out at other times the incFetfsed qoantities that 
would make for greater irrigation possibilities, increaBod navigation 
stages, if otherwise possible,' more water for power, etc. 

Within a short time, and brought to a fooua by the 'work of the 
'Pittsburgh !Flood Commissioti, the coimtry has realized thatwe can 
no longer be indifferent to the vast-and universal country-wide problems 
of reg^ulating the flow of our streams. Without going into details 
of the many correlated benefits to be obtained from storage of flood 
flows, the devastations of thfe Ohio, Missouri, and Misaiseippi Valleys, 
those of the Southern Appalachian regions, as well as those of the 
Pacific Coast and great Colorado, so vividly portrayed in this paper, 
have awakened people, all over this land, to the fact that here is 
an important prbbleni to solve, in which, the factors have some relation, 
wherever we go, and from the solving of which, much other good 
will come. 

That this is also, true of the Colorado Basin is evident from the 
author's remarks on pages 1206 and 1208 and from Table 2. It would 
be of still further interest, therefore, to know whether the storage' of 
approxiinately 10 000 000 aere-ft. . exhausts the possibilities on the 
Upper Colorado,, and what effect such impoundiDg at several selected 
points would have in decreasing the flood discharge and increasing the 
low-water flow, . , It is pb^ihle that it would not apparently diminish 
the interest, and intensify of the problem of protection below Tuma. 
on account of thp peculiar Ipcal characteristics, yet it is probahle that 
the cost of such works would he leas and safe results more certain. 

If data are available to show the effects of such storage of flood 
peaks, as ia illustrated by the Pittsburgh report, it is hoped that the 
author will present them in' his closure. If hot now obtained, /per- 
haps this discussion, may call attention to the need, and emphasize 
the fact that here is another place and a further i;eason for the Nation, 
by its Central GoTemment, to take hold of its water problems as a 
great national question, and to study, plan, , and ti^at each jrroup 
of streams as a unit from source to mouth. 
■ Mr. .. F&&tfcm-L. Sellew, M,;Am,. Soc.. C. E, (by i^tler).— ^T^^nng the 
^"""' Colorado oyt of Salton. Se? w^, not so much an e^ineering triumph 
as. a :tr)i;niph <?f engjpeer^ of red-blooded fighteca, who did wt know 
.when they^w^re .whipped, but realizing that the eqd. justified the means, 
fo^jghton to vicl»ry unmindful of ,its cost. All honor to them. The 
writer will go to, the limit in expressing appreciation of results attaint 
in, the, face pf .odds as .great as any .with, which, ri^er,«nfiineers may 
expect, .to be. confronted.; but wheji ,the closing of this crevasse, wbldi, 
irom the mature of things, had, to be accomplished by rough and ready 
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methods, is heralded as a solution of all engineering' problems pertain- 
ing to the Lower Colorado^ the writer's protest is immediately entered. 

Having been 'an iiinoCent bystander while some of the work de- 
scribed was in progreBS, this paper has been read with much interest- 
The record of the operations incident to the return of the river to its 
former chanpel ia extremely complete, although partly obscured by a 
moss of legal aud finanaal eutanglemeuta.wbic^ properly liave no pla<» 
in a purely engineering article. 

Lack of time will confine the writer's diacuBSiim to an examinatitm 
of aOme of the more important points. The data submitted in regard 
to the discharge of the stream and the degree of reservoir control :poa- 
sibl^ vary materially from the writer's ideas on these subjects. It is 
also doubtful if the control attainable by reservoirs will greatly reduce 
baiil{ caving, which 19 tbe real problem .along this river. Although wh^t 
foltowB isbaaedoD the beet data in existence^ it should be undeiatood that, 
before definite concluaione can be drawn, much move detailed and ^ex- 
tended ejtpniinations' should be made. " ' , 

FlOOD' fKEVENXION OK TMK LOWKR CoLOBADQ. 

It is apparent that if the flood discharge of the Colorado, ooi44- be 
reduced materially, thereby bringing the fiuotuationa between low. and 
high water, within reasonable limits, the erosion of the bed and banks 
,would;be much leduced. .. There might still be a limited amount.of 
bank protection required, but, if the, control was such ,«a :to k^p the 
river within banks, the cost of protective worfcs woold . be greatly 
lessened.'', We have recently. heard mtoh about the control o< streams 
by BtoTage. works; and, with reference. to the Colorado, one advocate 
olainis th^t etorage near the. head-water? 'will, reduce flood levels bo 
mn^ that levees wiU be a thing of th« past; that the flpw of the stoeRoi 
inay be entirely deyotedtoiTrigation, thereby putting. water on & 000 000 
acree of land; and also that inimfense quantities of electrical eneigy 
may be developed as the water is released from' the places in whitm 
it is impounded. As .^e .question of. stream, control by storage, r^er- 
Toics^hfU received much' at^ntion. iii moat dvlli^ied jportlons (if. the 
earth, the »*rit« has made a somewhaft extended eotaminatiop of the 
literatoie-' on tiat- subject.' ■ .■..:>.■,■ 

' On page 406 6i the "Report upon the Piiysicsand\l^draulic4 of the 
HissJBsippi River," by Humphreys 'and, Abbot, .the following appears, 
in M«ard; to the, reservwr system:. , . ,; ■ ■■ .-Li ■,■ .;! . ., j. ■■ ■ , 

"The.plan, iij theory, is admirably, and, has long .been a aubjegt of 
discussion amoiig ^European engineers. ^Artiflcial lake^ for pToWfion 
against floods were constructed as' early" as 1711 upon 'the upper 
Loire, and they have since been advocated,- bbthfof impiwing naviga- 
tion and. [f OP restraining floods,.- by .CRiijjenti writers,.., .* ,f, ,,V 
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From page 407 of the same publication: 

-'Little constderatioD is neceesary to make it apparent that this 
sjstem is apt applicable to restraiaiug the floods of all tivera. Certain 
topographical conditions are essential to its success. The valley must 
be of auch a character that dams of reasonable dimensiona can be con- 
structed, which shall keep back the iderttical waier which otherwise 
would make up the flood. It is not sufficient for this purpose, as for 
improving navigation, that a large volume of water may be collected 
by the accumulations of months. The floods of great rivers are tor- 
rents, caused by rapidly melting snows and by widely extended and 
heavy rains. The greater part of thie water does not drain from the 
remote mountain sides, and issue froni the distant mountain gorges. 
It falls in the valley itself; and the nearer to the main river, the more 
sudden arid disastrous will be its effects ; partly from the more rapid 
accumulation in the main stream of the contributions of the tribu- 
taries, and partly from the absMice of the natural reservoir fumi^ied 
by the various channels, which must be filled before a freshet originat- 
- ing near the sources can reach the lower part of a river. To control 
auch floods with certainty and economy by .artificial reservoirs, it is. 
therefore, essential that certain important tributaries which drain 
relatively large portions of the basin shall debouch near their mouths 
from narrower gorges, where dams can be constructed at reasonable 
cost, and where artificial lakes can be formed without injury to other 
interests." 

From page 4IB: 

"In order to give a more definite character to these conclusions, 
they will be' reduced to figures by aid of the data collected respecting 
the great June flood of 1858, by which the merits of all these dif- 
ferent plans of protection are to be tested, 

"To have protected 'the whole delta and the borders of every stream 
in it, primary or tributary' against this flood, not more than 1 050 OOO 
cubic feet per second could have been allowed to enter the head of the 
alluvial region. Even this quantity would have submerged much 
of the lower country, had not the tributaries below the Obio.beto ao 
very low that their united contributions, joined to this amount, would 
only have been sufficient to maintain the river at full banks. The con- 
ditions of this flood were then, the most favorable possible for the 
reservoir system. 

"During the thirty-six days in 1858 from May 25 to June 29; in- 
clusive, the total amount of Water passing the latitude of Oolumbus 
exceeded by 648 178 800 OOO cubic feet- that which would have resulted 
from a discharge per second of 1 050 000 cubic feet. Beaervoirs situ- 
ated above the mouth of the Ohio, and sui&cient to have kept back 
in a single month fully 600 000 000 OOO cubic feet of water [14 000 000 
acre-ft.l would, therefore, have been essential to the security of the 
delta, if this system had been depended upon for restraining this flood." 

From a report on the esamination of reservoir sites in' Wyonuing' 
and Colflrado, by Hiram M. Chittenden,, M. A™- Soc. C. E., Captain 
(nOw GeneMl, Eeti red )» Corps of Engineers, U. S. A.:* 

• AanualReport,' Chief of EhiREne^rS. U. S: Anilr. 'or Mft Appendli PP, p. IMS, 
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"In no other portion of her works has nature left so much to be *■■ 
done by the. engineer to supplement her deficiencies aa in the modifioa- ™'"''- 
tion of the natural flow of her streams, for in no other respect are 
her works so ill adapted to the uses of man. The ideal stream would 
be one in which the flow should be uniform from one year's end to the 
other, or, if not uniform, varying directly with the magnitude of the 
uses to which it ia put. 

"It .is not surprisiog, therefore, that one of the chief concerns of the 
engineer is tlie amelioration or prevention of the evils of thii un- 
fortunate arraxi^Qmeut of nature. Millions of dollars are annually 
expended to. make up for the deficiency of water in seasons of drought, 
aiwi like sums, to prevent or alleviate the evila of excessive flow. 
Singularly enough, the meaauree generally adopted are put. forward 
in disregard of one of the commonest rules of scientific practice. If 
an evil condition of things is to he corrected, the rational method of 
procedure is to remove the cause. In all river engineering, however, 
the measures adopted look only to the palliation of cesuits, tmd leave 
the cause untouched. River channels are dredged out in low 
water and levees are built to protect from floods in high water. 
Scarcely anywhere is the effort made to prevent the occurrence of 
either high or low water. It would naturally follow that, if great 
evils result from the variable flow of streams, the primary and funda- 
mental object of the engineer who is called upon to correct them would 
be to make this flow uniform. Whether or not this object is possible 
of realization (and if it is, by what meajis) is therefore one of the 
first questions which should be settled in any comprehensive project for 
the regulation of the flow of streams. 

"• * • The only possible method by which uniformity of flow 
caii be secured must therefore be by storing the surplus waters in 
seasons of flood and releasing them in seasons of drought. 

"There is an additional motive for the' use of reservoirs besides 
that of securing uniformity of flow. Over a large portion of the land 
area of the earth in civilized countries the climate of winter prevents 
any considerable use of the streams. Even if the flow were entirely 
uniform, that portion which takes place in the season of cold weather 
would mostly be' lost. To derive any benefit iFrom it, it must be stored 
and held over for the season of warm weather: 

"These two purposes, viz., the attainment of uniformity, of stream 
flow and the transfer of the winter supply to the sunOner months cOver 
the entire argument for reservoir ccMietruction. ; 

•■ .*■ * *■ * 

"At first thought it would seem that in storage reservoirs lies the 
whele solution of the river problem. To atore the surplus in flood 
season and use it in season of drought ought at>parently to strike 
at the root of the whole difficulty, and to render unnecessary those 
palliative measures which alone have hitherto received the sanction of 
the hydraulic engineer. Why so obvious a remedy has never yet been 
extensively applied will appear in the course of this report. ■ > 
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"It is the cost, not the physical difficulties, which stands in the way. 

*■ It may be stated that as a general rule a BufBcient amount of storage 

can be artificially created in the valley of any stream to rob its floods 

of their destructive character; but it is equalfc" true that the benefits to 

be gained will not ordinarily juati:^ the coefc* 

"We now com© to the specific question of reseryoir construction 
in the arid region west of the one hundredth meridian, as exemplified 
by the reservoir sites examined in WyomiRg_ and Colorado. Are there 
direct and primary motives which Would justify reservoir constmc- 
tion in this country, apart from or in addition to those arising from 
their effect upon the regimen of the lower rivers! The answer must 
be that in no other part of the TJuited States, nOr anyidiere else in the 
world, are there such potent and conclusive reasons, of a public as 
well as a private Mature, for the construction of a comprehensive 
reservoir system as in the region here in question.f 

■ "* • * in many sections the natural flow has been used as far 
as it is practicable to do so. The only resource left is to store that 
portion of the flow that rims away in nonirrjgation seasons and the 
surplus in times of annual flood and s\i.dden freshets and make these 
also available for use. Not until that is done can a stream be said to 
be really utilized to the fullest extent. 

, "While there are tiieae; clear and positive arguments in favor of 
the storage of the surplus flow of oui; Western streams, there are none 
of weight against it. It may be set down as a.rule, to which there are 
very few exceptions, that every artificial body of water created in the 
West, by which the surplus water of its streams is held back, will be 
a positive henefif. 

"The foregoing examihation. has led up to the' following conclusions ; 

"First, A eon^rehensive reservoir system in the arid regions of 
the United States is absolutely essential Xa the future welfare of this 
portion of the national domain. ■ . 

"Second. It is not possible to secure the beat development of such 
a system except. through the agency of the General . Qoveminent4 

"The total extent of a. reaervdir ^Mem in the arid legicHis which 
shall reader available the «ntire flow of the streame will bot exceed 
1161600000 000 cubic feet [approximately 27000 000 acre-ft]. If 
the construction of such a system were to consume a century in time, 
it would represent an annual storage of about 11 600 000 000 cubic 
feeti or 366 300 acre-feet. At $5.37 per acre-foot this would cost 
$1 ^0 031 per annum. This amoimt, distributed among the sevoiteeu 
States and Territories of the arid r^on, gives an a-veraga annual 
expenditure in eiach of 884 119. The annual value of the sj-ored water 

• Loo. e«., p. *eo. ■ ■ 

+ Eoe. cit., p.WM. 

iiriK. eti.. p.asn. 
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would letuin Xha originEd cost (und maintenance i 
of three years.''* 

In a paper on "Reservoir Systems and Their Relatjona to F]<>Qd. 
Protection,"t by C. O. Sherrill, Captain, Corps of Engineer, tJ. S. A^ 
presented at a. special meeting of the Louiaiena Enginieeriog Society 
on June 25tli, 1912, the follov^lg.^)peaTa: 

"The most vital queation of the mcment for the pfeople of tiia lowflr 
Mississippi Valley is how liest to seciuro protection Irtan disastrous 
floods, such as. the one now passing^ .and in tbe proper solution of this 
question the sympathy and assistance of the entire country should be 
ready to aid. Every. flix»d brings forth a multitude of plans, each 
purporting to be the onl.v one capable of providing the neCessary cure, 
and most of them are brought out as something entirely new, yet each 
one will, on examination, be found to have been carefully consideied 
and thoroughly investigated years ago. One of these .propositions,, 
renewed, recently with great energy, has been to control these flopd? 
by means of reservoirs- located near the headwaters of the tributaries. 

"In view of the fact that adequate reservoir systems for the con- 
trol of floods in all streams would' strike directly at the Seat of the 
trouble, it seems remarkable that this method should not have been 
used long ago instead of tlie merely defenaive method of ^elevation of 
overflow land .or tbe erection of leveea. ■ 

"* * * The .question, therefore, is. Can this stream flow be made 
uniform; if so, how and at what cost! *. * "I must answer that 
a reasonable degree of uniformity of flow can be secured by adequate 
systems of reservoirs properly located along streams where the topo- 
graphy is particularLv adaptedto sueh reservoirs; but. as to the' poe* 
aibility of such control for the Mississippi below Cairo, or of tb^. 
practicability of. the sch«ne, if possible, it is h^P^^l.thPt t^e following 
remariffl.wiU be of; some, assistance in. determining." 

This paper concludes ; ■ 

"Taking the above brief summary of the facts into consideration, 
I mast conclude that the control of the Mississippi floods ty reservoirs' 
is impracticable of accomplishment and that the nest best thing 
must be rdied upon, namdy, the levee system with bank protection, 
which should be comploted as japidly as posnible" ■ . . . 

The Pittsburgh Flood Commissio'n, in a comprehensive and vol- 
uminous report Covering a recent investigatidu',' concluded that llie 
maximum flood crests of the Ohio at Pittshurgh Can he lowered 
approximately 8 ft. by the stofage of ■ ^boiit 1 OOOOOO '6Cre-ft. of 
water, in seventeen reservoirs on the " All^heny and' Monongahela, 
at a total cost of about ^0000000. 

From the foregoiirig it'appears that the daJirability and practicabil- 
ity of reservoir constiuctioii depend on existing coiiditions in the 
drainage a^rea of the streairi under diajussibn ; therefore; eadi stream 

« BoclettM, Septaaibsr. ms. 
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Bhould be subject to careful analyeie before definite recommendations 
■ can be made. As the Colorado receives almost its entire supply from 
melting snows at the head-waters, it would appear to be an ideal 
stream for reservoir control. 

Existing Storage Works. — Before discussing the feasibility of reser- 
voir control on the Colorado, attention ia called to Tables 23 to 27, 
which show what has been aecompHsfaed by storage systems in various 
countries, with their extent and approximate cost. 

Table 23 contains data on ten projects of the Beclamation Service 
having a total capacity of about 3 800 000 acre-ft., which have been 
constructed at an average cost of $2.65 per acre-ft. 

Table 24 shows other existing reservoirs in America with an aggre- 
gate storage of 2 383 600 acre-ft., built at a total cost of (2 629 800, 
or an average of $1.10 per acre-ft. In this list the storage at the 
head-waters of the Mississippi was by utilizing natural lakes, the out- 
lets of which were controlled by low, inexpensive dams, the average 
coat being only 36 cents per acre-ft. If this system be excluded, it 
appears that the remainder amounts to only 283 500 acre-ft., which 
cost about $6.65 per acre-ft. In this table there are also five sites in 
Wyoming and Colorado, suggested by G«i. Chittenden, aggr^ating 
939 200 acre-ft„ estimated to cost $2 709 500, or an average of about 
$2.90 per acre-ft. This table also shows 70 41B acre-ft. of storage 
in Europe and Australia, which have coat $74 per acre-ft. 

Table 25 contains data on ten works in France, having a total 
capacity 38 593. acre-ft. and coating $3 518 BOO, oi about $91 per acre-ft. 
This table also shows that. 38400 acre-ft. of storage in Austria has 
cost $232 per aCre-ft., while in Canada reservoirs containing 3 800 000 
acre-ft. are being created on numerous lakea on the Ottawa River 
at an estimated cost of 20 cents per acre-ft.; and further, that about 
700 000 acre-ft. in South Africa have been built at an average cost of 
$14 per acre-ft. 

Table 26 gives a list of elevcoi projects in Germany, volume 488 111 
aere-ft.> cost $22 449 874. or $46 per acre-ft.; shows that Ruaeia haa 
800 000 acre-ft. on the Volga (no records of cost) ; and that five systems 
in India, aggregating 775 250 acjte-ft., coat $6,77 per acre-ft. The 
storage of about 1 900 000 acre-ft. at the Assuan Dam, in Egypt, has 
cost about $30 per acre-ft.". 

The completed storage (Canada being excluded as under construc- 
tion) is summed up in Table 27. 

Although there are many storage dams for water supply and power 
in various parts of. the world, they are of such relatively low capacity 
and high unit coat that they have no place in a discussion of this 
kind. The foregoing data are not submitted as complete, but include 
all the larger systems for river control, of which records are available 

• EseliMcring Reeortl, January Hlb. 1V1S, 
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to the writeor; and it is believed that they cover tbe field, quite 
thorouglil;. 

It appears that the storage in the United States <wbich ie about 
at>% greater than that of the rest of the world) as listed in tliese tables, 
has coet on the average onlj' one-njiith ae much per unit of rolume, 
while the maximum coat, that of Austria, is about .%li times the 
average in America. The low coat of the . storage created bj the 
Beclamation Service,; when compared with that- of the rest of the 
world. if< shown in a moat remarkable manner. . 

TABtE '27.— SuMttABY op Gompletep Hea^voms. 
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Determining Facfors.— The feasibility of ■ controlling a stream by 
storage will depend largely on: 

(1) Xbe coat, including the value of the area flooded, when com- 
pared with the benefits to be derived ; 

(2) The quantity of storage required and whether, sufficient vol- 
ume is available. 

(3) The situation, of such storage,, whether it is placed so' as to 
control properly the water-producing zone of the drainage 

■ area; 

(4) The character of the water to be impounded, whether it is 
clear or so charged with sediment that the silting will unduly 
shorten the life of the works. 
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These factors, as applied to the Colorado, will be conBJdered in 
' the forgoing order. 

The Oost. — From what has already been written, it appears that, 
where storage exists in the arid regions, ite cost is reasonable. As- 
sume that the cheapest sites hare been taken up and that future storage 
will cost twice as much as that already created by the Reclamation 
Service ($2.65 per acre-ft.), and we have $5.30 per acre-ft. This is in 
close agreement with Gen. Chittenden, who, as previously stated, esti- 
mated $5.35 for all atoragre needed in the Arid West. Of course, each 
site must be carefully examined, and detailed estimates must be pre- 
pared, which will no doubt vary considerably from the foregoing, but, 
from what has been stat«d, the figure given appears to be a fair 
and reasonable one to use in this discussion. 

Volume of Storage Required. — An intelligent discussion of this 
phase of the matter would be greatly aided by continuous discharge 
measurements on the Colorado Hiv^r at various points, and extending 
over a long period. Unfortunately, however, such measurements do 
not exist. The most complete records are those made at Tuidb since 
November, 1902, byi.the Eeclamation Service. These observations 
include current-meter measurements three times each week. Previous 
records of the flow at Tuma are based on such insufficient data — 
being a few scattered meter measurements from which a rating-curve 
was constructed — that they are of no value in this discussion. The 
wide variation in the quantity flowing for the same gauge height, due 
to the change in cross-section caused by scour, renders 'observations 
without a meter measurement practically worthless. 

Table 28 shows the total discharge of the Colorado (excluding the 
Gila) by mwiths, in acre-feet, the mean monthly discharge in second- 
feet, and also the total discharge in acre-feet per year from 1903 to 
1912, inclusive. This table shows that the yearly discharge has varied 
from a minimum of 9800000 aere-ft. in 1904,, to. a maximum of 
25'300 000 acre-ft. in 1909. The total monthly discharge has varied 
from a minimum .of 182 500 acre-ft. in J'ebruary, 1903, to a maximum 
of 6 397 000 acre-ft. in June, 1912. 

In considering the uses of the stream for irrigation, it is proper 
to forecast as nearly aa possible the lowest flow that is to be anticipated. 
In doing this, the writer has compiled Table 29, showing what may 
be called an "ideal iiiinimum year", and also the monthly ilse of water 
for irrigation . at Yuma. This table has been constructed by' selecting 
from Table 28 "the minimum January discharge, the minimum Febru- 
ary discharge, etc., for all months included in the lattfer table. ThiB 
gives a minimum year containing a total discbarge of 8 315 500 acre-ft., 
and these discharges are shown in monthly totals on the diagram. 
Fig. 70. 
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For the present the dul? of water id this viciaity la -assumed as 
' 6^ acre-ft., its- use being distnbuted throughout the year as shown in 
Table 2fl. It is hoped and indeed expected that thia use of water 
will be reduced coneiderably as larger areas are put imder colttvation 
and the settlers become Wore skilled in the apphcation of water but 




for the present ihis appears to be the bewt distribution for calculations, 
in; view of die fact that the' use now is considerably in exceas of 
51 .acre-ft. Qn Fig. YO is also platted the use which can be made of 
the stream for irrigation without any regulation whatever. This was 
ascertained in the following manner: The use of water in February 
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beiiig abont 0.26 acre-ft. and tiift lowest' rurik)ff in that month h«iiK _^ 
182 600 acre-f t, it was found that this quantity waa sufficieut ica the 
watering of 730000 acres. This was aMutaed as the limiting month- 
If greater areas were placed under cultivation, there would be a short- 
age in that month at a time when the new crops are' usually going in. 
Taking this 730 000 acres as a basis, and plattittg the monthly duty 
in the ratio shown in Table W, it appears that the Tolume of water 
aged will be that shown by the shaded area in Fig. 70. This arrange- 
ment may create a slight ' shortage in September, but the use in that 
DUMith is so near the minimum run-off that the danger is considered 
of slight importance and is neglect^.' 

TABLE 29. — MmruDM Komthlt Dischabck qr Oolorado Bivib 

iXD DlSOBARGB IN BaTIO OF MONTHLT DoTT. 
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It is well to remark that the continuous irrigation of 73QO0O acres 
depends on the diversion of the entire riverj and is substantially all 
that can be accomplished, unless the stream is regulate even should 
the dijty of water be incr.eaaed, for it is seen that the uae of water 
at the extremes of the year is as low qs can be anticipated,, and 
although a saving .may be made in the summer months, it will allow- 
an inorease in the cultivated area on^ during those months, because 
the crops which can be grown continuously for.tw^ve months, in the 
year are limited by the small quantity of water available during 
low flow,. 

There is drawn -on Fig. 70 a. line showing the uniformflow through- 
out the year, which would be at the rate of 690 000 acrcft. per month. 
The estaUishmenS.of such, uniformity in discharge would be of value 
in controlling the foods and also for power purposes, but it is extremely 
wasteful toward the irrigation interests, because this line ia practically 
coincident' witii the maximum use of water in July for 739 000 acres. 
The reinforcement of tbelov flow by this method would: not allow an 
increase in the area under, crop in the summer. It would cover more 
ground, however, durii^ the winter. 
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Mi. Table, 28, also shonw tte peT<»jjtag« of irrigating water leqiured ; 

^^"^'■p^r. month, and oq. this basis the displiarKe ai tJte low-water i year of : 
8315,500 acrerft. luw been distri^uted.-.'This.aa&mneB oompleteiscaU- ; 
tiou.of.the rivwi entirelj; in tjje iBteTests ' of irjigation, and thc'dia- : 
tributipn tbr^ouffbout t}ie,'f^aT..ta. shown by. the shaded. Hue. Undei 
such regulation,, 15pO,pQ0 aajx^ (wMch- agrees- mtJ> the author'i^eati- 
iim|ej equjd^be irrigated.. .^tiS is the-ajsa that »!oiild be sewed witii 
the. floiy p;E 'the .^olpredo past Yuma ae abgoTTed'-durlngx-thiajyesra 
under ., (iiscusaimi. The lower Gila ifi,.Ba etrratio inits: diaeboTge ^that 
it. j^: n9t a .very. d^P^dablej rsttpplyi f or whic^ reasoa it 'ie -omitted. 
To the foregoing should be added- .any area SKJrting' irf.ihe'iiitpeT 
reaches already under cultivation and which it is assumed lias ice- 
ceivJkd'-'fts'^pply. ' Ta regulate'Uie' Viv^ras itididated would reqiiire a 
storage capacity 64 about 5 4eO OOO acre-ft-, which, at $5.30 per aere-ft„ 
would coat ?13 720 000. Sych regulation iii loW:water years would also 
haVe a very henefioial- efiect 6il'tlie i flood- 'disoharte. The''Bit(ximum 
monthly voliime would be ibout 1 400000 acre-ft;, univalent to ap- 
proxijiMtsly 50 000 aore-ft. per.; day, [or ^86 TOO sec-ft. The effect of 
this discbarge on the bed and banks would be but slight, as com- 
pared with what goej on at the pneaent time,.)uid would keep the lower 
river Well within its banks. ' , .: 

Although tbie amount of skirage would make: the river an ideal 
one for.' irrigation during peiiods of ordinary low flow, it wnld 
have. little beneficial' efFeet on .floods, in the maximum yeara, aa will 
be seen friMn- an inspection of the diagrams on Plate LV. Here the 
daily discharge in acre-feet during the flood periods is shown for the 
years 1903 to 1912, inclusive. , ,, , , ,; 

Wheii the river at Yuma rises above. l^S on the local gauge, over- 
fl6w occurs at various' points 'within tbe limits of the Yuma project, 
and levels becbme a'neceSslty.; If tlie coritirol 'of the stream by storage 
is to 'regulate the discharge in such a way that leveea will not be re- 
quited; the vdlunie-passftig when the' gauge isahoye 125 must he stored. 
On'the ■diagrams referred'to,,a horizontal line has been drawn r^pre-, 
sentihg 125 on the Yuma galige, and the 'volumes of 'discharge above 
this giau^ height'iii various years are clearly inarked.^ "^^^y were: 

In 1903 933 000 acre*;, 

1904.:...-...;-..i; .:;..■...:...;;■.:..■.■.; 80000' " "■ • 

. 1906 , ;...■-..■■..»■.;....;...■. :.i.-.v. .. .-.I..'. vS-SSft'OOO '" ■ ": 

. . 190a .:.;...;. .■.^..-..■..'-. .....:. ......;.-.284»000 « "■ 

...■ae07.. .-..-..j.^.v.....::;:.-!:.;.. ■.■;.-.. ..--.TOSS'-OOO- -'f!-.-"'- ■- 

1908. ..:....;:..■. ..:.■. .'; ..:.-; SSOOfr: " '" 

190»: .:.;..;.......■....;......... .5 3»1 OOO '• ■ "■ 

1910(the gauge did not rise above 120) 
■ 1911 :......;....;... J..;.. J..- ^94000 " " 
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And in. the eeaaon juet paased.i. '.'..■...;.'. ..'SiltJOOO acre^ft. 
Atotaldf 2168O00Oflcre-ft., oransTerageof 2168 000 ■ " '• . - * 
:£oi the ten-rear.perioti. , ' ■■ ■■■" 

If storage is to be created for the maximum, qf these, quantities, 
7055 000 acre^ft.— and this ie neoewary if ^all overflow, is to fee pifOf- 
hibited along the lower rivei-r-t,he ..cost of.jtorage, if , ^i^cient ^ftes 
esisted, would be ,$37 391500, estimated at S5.3Q per aere-ft. 'Should 
this' be (fonaidei^ed an eswessive pio^ision to make, aod it were thought 
better to take what damage would, Qome .frpm .ii ;doc^ Qf this.kiqd 
(which niight be of infrequent occurrence), and .etpxaKti .wfire provided 
for the next iai^est jear, which ia 1909,-5 391000 .scfe^ft; would, b« 
required,, which would_ cost, on; the. eame .tiasis,: $28672300. Thj? 
would give, a , protection, that would have been. ,ampJe during the 1*3* 
10 years, with .one .exception. If, we take.^he averag« of the excess 
discharge at Yuma above. tfae 125 gawge for the. last. ],0.,j.ea^e, .^e 
get 2168 000 acre-ft., whi,ch is about that requirad to ..regulate, the Iqw 
flow in the interests of irrigation. The, cost of creating this amount o£ 
storage at 85.30 would be $11 490 400;- With such control of the jivei^ 
however, overflow would have occurred in 5 years during; th^ last Ip^,,, ; 



Attention is. directed to. Table 8, which M.an exhibit of (lie annual 
discharge of the river from 1694 .to 1911, .inclusive, a' period of -IS 
years. The first 9 years baVe an arerage diBohaiige of 7 220 WD. aere-ft:, 
andtbe-last 9 yeesrs Eliow an average of 17.656000 acre-ft.,' indicating 
a most Mmariuble, sudden, and etmtinued increase in mn'-oS. . Sudi an 
increase might be poeaible with a small dvainege, but, with atributar; 
area of more than 260 000 sq^ milea, the vBViatkai i^ipean tb bo alto- 
gether too much. To aid in the-'^amiiiBtion' of this -question, various 
publications of the Weather B,ureau have been, used in the preparation of 
Fig. 71. !For the northern part of the water-shed, iio continuous ob- 
servations within the drainage area appearod to be ayailahle,. ther&i 
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r. fore Denver, Salt Lake City, and CJieyeniie were used. These Btatione 
' are probsbly indioativs of conditiona within the area under conaidera- 
tion. -For the central and southern portione, the Tecords of Frescott, 
Tucson, Tuma, Phcenix,. and Flagstaff were taken. The average 
precipitation for the entire period is 12.92 in., shown by the heavy 
line. That for the period 1894 to 1902 is 11.73 in:, and for 1903 to 1912 
is 16.20 ill. These lattet amounts are indicated by the shorter and lighter 
lines. Thus it appears that although the run-off in the latter half of 
the period covered by Table 3 is about 2.4 times that of the first half, 
the increase in precipitation was only 1.3 times. Furthermore, it 
appears that the sudden' increase in pr^ipitation did not occur until 
S years after the change indicated by the table. There is no doubt 
that there is considerable difference in the run-ttff of the two periods, 
but it is not Dearly as great as Table 3 indicates. The explanation 
is clear: In November, 190S, careful and systematic gaugings of the 
stream were inaugurated at Tuma by the Heclamatioh Service, and 
the data since collected are dependable. The data prior to that time 
are based on a rating-curve constructed irom so few observations that 
the results are worthless. The first half of Table 3 should not have 
been presented; 

Available Storage Sites. — ^Having indicated in a general way the 
volumes of storage required to attain various degrees of control of 
the Colorado at Tuma, th^ next inqui^ relates to the existence of 
such storage. The writer has not the advantage of having made a 
personal examination of the upper river and its tributaries, hence this 
portion of the discussion iflust be limited to the data found in pub- 
lished reports to which he has access. The only authentic data found 
are -contained in the various annual reports of the Beclamation Service, 
tO' which reference is made for more complete information. The first 
reference is to the Second Annual Report, page 123, "Investigations on 
Colorado Biver", where mention ia made of the various schemes 
examined. On page 132 data are given of a dam site at Williams 
River, where 1 300 000 acre-f t. of storage may be created. The state- 
ment is made that investigations of a site at Bulls Head were abandoned 
because t^ poor foundation.- A 100-ft. dam at this point would pro- 
vide storage, for 84&O0O. acM-ft. Th^ lower end of Pyramid Canyon 
was examined: Surface -conditions appeared to be favorable for a high 
dam, but-no'suitable foundation was found. If it were possible to 
build dams at these points, the-scbeme. would'be -iaipracticel because 
the ■ reservoirs would soon- .be filled by the deposition of sediment. 
iriiiab'will appear fiKim- data given laten Reference is made to this 
dificulty LB the Second Annual Rapori^r page 15fi, where we may read: 

"In connection with this qu^tiott of the' study of reservoirs which 
silt up, it seems most necessary that a thorougji investigation be 
made of the reswvoir poesibiiitiea upon the head*waters of Hie Colopado, 
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above the pouila vlien tbe rtreama cuTTing laige qaantitieB of silt 
entw, BO that pennaxient reserroirs m^ be. established in anticipatioa " 
of the time when all the irrigable lands along Uie Oolorado will \» 
under ditch." 

Thna the Second Annual B^iort diows DO' a'ntilablb storage iltea 
for the permanent control of th« river. ' ' 

The Third Annual Report, page TO.hda tlie folloiving> 

"Colorado Kiver Storage Projeote. — As it has been thoiight necee- 
saiT to store water in tbe Bockjr Uountein reigiea for the regulation 
of tbe flow of jthe Oolorado River, with a view, to the reelanutfion of 
about 600000 acres., of land along tbe lower Colorado in Arisona and 
California, certain reservoir sites have been withdrawn in western 
ColoradcL two of these being on Grand River, in Grand County, and 
two on Yempa River, in Routt County. Preliminary examinationa 
have been made of all tlkeee aites, and scone of tbent liave been 
Burv^ed." 

On page 217, the Kremmling site is credited with a capaoity of 
1 500000 acre-ft At Grand Lake ^out ^000 acres are reported'as 
witlui«aw:D. but no capacity is given. Two sites on the Yampa were 
located and 100 OOO acres withdraini, but no 'capneit^ is girea, as 
the data were not complete. 

In the 'Fourth Annual Report, page 121, it is stated that at the 
Krenualing: site more than 1 .000 000 acre-ft may be stored by a dam 
180 ft. high, and that a 230-ft. dam would impound 2 200 000 acre-ft. 

On page 124 reference ismade to further examinations on Grand 
Bdver above the Kremmling site, where it is stated that; 'Tew Meer- 
Toii and dam sites worthy id inveatigatim i^ere encountered during 
tbe reconnaipsanoe." 

Reference is made to: ' 

Windy Gap site — capaoity iOO 000 acre-ft 

Lehman site — capacity. ...... ...i ....... 24 000 " " . 

Grand Lake—capacity. ....140000 " " 

264 000- acre-ft „ 

The first site is crossed by a railroad; wotild require a large dam; 
and 75% of the aiea flooded would be ranches already under cultiva- 
tion. The second site would cover valuable land under cultivation, 
and is of slight consequence in size.' Regard! i^ Grand Lake, the 
report says, on page 127: ■ ' 

"Considered as a Site for storing irrigation water for use along 
the lower Grand and Oolorado rivers^ Gfand Lake, as will be readily 
seen from the foregoing, would be of little value." 

It appe^, then, that this report shows no storage sites of value 
except tiie "Kremmling, with a possible capacity of 2 200 000 acre-ft 
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■ The Fifth: Annual li^rt states, on page 114, that tfie field woA 
'" m connection "with teeefvoir' sites on the Colorado was brou^t to a 
close late in 1905, and no additional examinatione have been made 
since those described in the Fourth Annual Beport. The Sixth Annual 
Report eivee no. additional infonnatlon r^arding this mattw. On 
page 57 of the Seventh Annual it^wrt referance iS' made to invoetiga- 
tions for atorage Iteaervoirs' alolig:the Qreen Biver and its tiibntaries, 
from ^hich the follpwing is obtained: 

Flaming G«iB» sit€-^c«pacity. ; 3&0000 a«r6-ft 

Island Park slte-^-capacity ..;... 160006 " " 

■ BrovBS "Ptak site— capacity. 2 SOO 000 " " 

30OO0OO acre-fi'.' 

Ko additional information is contained in the Eighth, ^intb, or 
Tenth Annual Beporte. 

. Taking frpm the foregoing tboae sites which appear to be available 
for storage on the tributaries of the Colorado, we have : 

Capaell]/ in aoTQ^Mt. 

Grand Kiver: Krenunling ute. . .^ 3 200 000 

Oreen Kiver; Flaming Gorge site 360000 

Island Pwk site , ISOOOO 

Browns Park site; ;....;■. 2500000' ' 

Total ., '.'........, 5 2000(». 

Bailroad interests ha*^ secured Control of the Kr^^mliikg site, 
therefore its future develbpment may prevent the creation of reservoirs 
of any magnitude. Such a result would remove the only known reser- 
voir capable of controlling the Grand Eiver, and would reduce the 
known available storage for uses on the Lower Colorado to 3 000 000 
acre-ft., all confined to the Green. This is but, little in cscess of that 
required foT miniramn-year control in the interests of irrigation, and 
furnishes little relief in the years of maximum flow, when, as pre- 
viously shown, 7 000 000 acre-ft. must be stored in order to prevent 
overflow, unless dependence is placed on levees. The foregoing data 
are not sufficient to determine with accuracy the ieaalbili^ of reservoir 
control Oft the Colorado Biver. , Before conclnsions can be properly 
^awn,. investigaticOL. should, show the total available. Bti»-age, its 
g^grapfaicaj, distribution, ajjd whe?thei.itU placed so that it will con- 
trol the run-off from the various parts of the catchment area. Should 
sufficient storage exist .to save the surplus of the maximum years for 
use in years of low flow, the irrigable area along tlie Colorado could be 
increased correspondingly. 

TJie Qwtniiij/ o.f Silt. — As previously stated, reservoirs created on 
the lower poi^tiori of. the stream, WO.uld very soon fill with deposits, as 
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tJae Lower Colonida is a mrtociona silt cani^. Profeeedr It. H. Forbes* Hr. , 

MjB, i-(««idmg Coloiado silt: , Seiiew. 

"Beginning with ' J anna 17, the" regnl^r low' wiiiter water averages 
abont 83 parts of sediment in 100000 parts of water during JaOnarj, 
Februaiy, and ^Mapchj These seiSmenta are probabiy ohie^ the result 
of erosion upob the upjier rirer channel, rather than surf alae sweepii^ 
into the drainage, ..During' April, as the river risee with the melting 
SHOWS of its hu^hest water:riied, and. its erosive power iacreaaesi the 
sediment rises to an average of 113 parts; during the ^ghest waters 
of May and Jline, to an average of 374 parts; deereasing'with the lower- 
ing waters of July and August to an average of 122 parta; "the sum- 
mer rain-Btorma of Sq>t«nber, October, and Novemter, partly within 
Arizona,' bring tiie.silt.to its maximum (2072 parts, Oiet, 8-13), ■ilfteir 
wjiich die : qu«Qtity.. sinks tg tbe.normal ati^uiit for winter- wateni, 
averaging 151 parts in 100 000. during, the two montba ondii^ Jwt- 
84,1901. 

"* * * The average acre-foot of Colorado' river water for the 
year of observation carried 7 291 pounds of silt,' varying from ll82 to 
S6410 pounds as shown by 6-day composite samples. 
' '"On the basis of :tbe profile constructed from available data for 
the Tolumb of iflow'of the .Colorado)! and of .the year's ailt deteritxina^ 
tioDs made in this laboratory, it is estimated, conservative^, . that the 
river . during.. IBOO brought down about .61 OQO G)Op tons of. sedimentai^ 
material, .which, condensed to the form of solid .rock,, is enough to 
eorer 28.4. sguare miles one foot deep; or, to in^e 53 square. miles 
of dry alluvial soil oneffaot deep;'or, to make about 164 square miles 
of recently settled, submei'ged mud one f oot defep; reckbhing the whole 
amount of mud f or tlie year to average 6.2 times. the bulk of Uti solid 
eediment." ',,-'. 

From tJiese Extracts it appears that in 190O (he volume of seSiment 
Taried.'froril 0:062% in January, February, and March, to 0,374%'in 
■^ay' and' Jfliie, and that following desert rains it "was as high as 
2.0'j per tent.' Anarea of 164 sq. miles of intid 1 ft. deep equals 105 000 
acre-ft. Since May, 1900,' the Eedaination Service has observed' the 
quantity of sediment passing Tuma, the results being as shown in 
Table 30. ,, 
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Mr. Thf QbBet?ptioi» of 1909, altboui^ . fenr in unndiei, eorcrad thB 
' period irom Hay 26th to October 7th, aiid:^otild giv^.a fdr af&nge. 
Those of 1910 extended frpin April, 19th tq Docanb^ Slst In 1811 
they extended from January 11th to December, 28th, and in 1 912 from 
Januarjr 4ch to November 30tb, tbe dwdikT^e being estimated to 
Deoecabex ilti. Ab shown in Table 30, tbe total quantity of sediment 
paesing Tiima during Ihe last 4 years, -when measured as flubmerged 
mud, has exceeded 1 000000 acre^ft This proves conclusively that 
reservoirs for the permanent control. qf this stream must be placed on 
the bead-watera wh^re clear water exists. . 

Tbe, author shows in Table '2 an fy)p|ioximate storage of about 
10 000 000 acr^ft., and although be qualifies tbe table l^ stilting that 
■it IB "tbeopeticaUy possible" and Would have tto be reduced for "eom- 
ibeKually feuible developtnenftt," th^ table li ao at variance with 
facte as to be misleading in its pi^esent form, and likely to lead unin- 
formed persons to erroiieoua conclusions. - Storage on the. Gila ia out 
of the question, as this strean} carries tnore silt during its Rowing 
ec^soB ithan :^ Oolorado. Little Colorado, Bill Williama fork, and 
San JnuQ must be eliminated ior- the «ane ieason. The KretomHng 
aile is in the, bands of interests foreign to'irrifration or stwage develop- 
ment. Tbe only site of value 'cOUtained in Table '3- is Browns' PaA oil 
the Green, which has a capacity of about 2 SOO OOO acre-ft., as jpre- 
viouely, indicated, , This analysis reduoes tbe .author's ''theoretically 
possible" 10150000 acre-ft to 2200000; reeervpirs which will silt up 
in a fsv years or are-GontroUed ao that they cannot be developed, ate 
not in the "possible" class. 

, Tb,^,re,are some statementa, which tbe writer cannot r^qoncile with 
tbe facte as they have, come imder bis.noticev The airea. of the Yuma 
Project is some 130000 acres, instead of 90«)0. T9ble:,4, diowuig 
TOean.mpofily discharge from 1894 to 19U, is valueless, for. the results 
.from 1894 to 1903 are based on .erronpDus daia, as pifeviously shown. 

EisB OF Bed. ■ ■ 

The data in regard to the rise of bed at Yuma are based on observa- 
tions made largely bythe Beelaination Sssrioerbut are not.MilsideTed 
by the writer as sufficiently definite to justify tbe oonclnsiona. Al- 
thougb the advance of the delta into the Gulf will tend to raise gauge 
beigjitS'Bt points above,' certainly many more observations are neces- 
sary before definite relations con he established between the rise on 
tbe Yuina gauge and tbe memory (si a steamboat - captain. 

There is at least one other cause for variatdon in gauge height at 
different points on the stream, which is entirely dissociated from any 
advance into the Gulf. There are two points on the lower river in this 
vicinity which may be regarded as definitely fixed. They are I^aguna 
Dam and tbe .conglomerate billa at Yuma between which the river 
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paseee. The floods of 1909 and 1913 carried substantiallj the aame Mr. 
quantities at their <y«ta, 160000 sec-ft., but the difieMnce ip the^""*; 
elevation of water su^acea between the Yudu sau^n and Laguna Diam 
wti4 4 ft greater' in 1912 than ..in 1908. TheoaaiiBl observer mig^t 
think that this indipated a rise in tbp bed of the stteam. It is found; 
however, that the elope per mile was jsubstaatially the same, bejng 
1 ft. in 1909 and 1.04 it, in 1912. The rise is not due to any silting 
up of the channel, but ia plainly caused hy the meanders of the river- 
The records show ^t the distance from Laguna Dam to Tuma has 
varied as f dknra : . : . ■ , ■ 

In 1856 . .: ;...'... ' . . '..". :. ., . 13 miles: 

1895..-:.- .;;.; ■.■■..■.",. iij ■■**' 

i9ost.... :::.:..■..':.::..:::,..'..:: 14 ■ " 

1909..;. ,:..:..:...,..:..... ...........'i3j ** . 

1911.'. .:;,:: ;...:..:.■...... 15J " 

■ 1912.....:....:...!....; ...;.; 17 

Some of theee variouB meanders are indicated on Plate LVT. Thp 
river in 1912 between the points mentioned was 3}. miles k>n'ger than 
in 1909, and thisaccounts for practically all the inin«ased ' difference 
of elevation in {be water at the two points. The same phenomenon 
is true on the lower river, and, assuming a given elevation at the 
Mexican boundary, the increase in length, of the Btrefim due to meanders 
will give an'increaaed height on the Tiuita gauge, whether the rivef is 
advancing into the Giilf Or not. ' ' ■ " ' 

llie airthor's description of thfe works of the Tuma' Project and 
remarks relative theteto, indicate' 'unfafnili'arity "with the subject. A! 
very Wtellent account of the *ork at 'LagunaDam may bB obtained 
from articles* by the ^Elraident .Engineer, Edwin D; Vincent, M, Am. 
Soc, 0. E. The' Oolcrado 'Siphon has' been described by the 
writer-t These Cover the main features '6f 'the work. EevfeSS^nd 
canajs are bo coinmoQ, and' those at Yuitia present'nb unusual coii- 
ditions, that deflcription'flppears to be supeMubns, 

The author's' statemMit, that a rock'fiUauch as Was used for Closing 
the crevasses 'which , he discu^B^s could have'been used-in plaie of 
Laguna Dam, is open to. Serious doubt. 'WThat he built has been used 
as a levee, which purpose it answers admirably:' How' it would act 
as an overfow weir,'carrying 150 OOQ sec-ft., even if eov'ered with con- 
crete, is problematical. In addition to a concrete top, crest and foot'- 
walls appear tob^ necessary to prevent iJie 'top from' being under- 
mined, and, if these, are provided, the resulting striictilre will not differ 
materially from La^uni Dam either 'in design or cOst. 
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JjevsEi,. '".■■!. 

g^;^ ■'■The staWmeiit that ^ the flood of Becember ft. 1906, caused levee 
faihirea^on the Yuma Project' due it thW absence of auclt-drtchefi, is 
Hot correct. In October, 1906, the writt* took charge of the Yma,a 
Project, and hia firet flct was to- 'order mnck-ditchfta under all new 
leveee. The Blightdamage done here bythe flood of December ^th, waa 
caused by burrowing animals and the overtopping' of work which was 



■ RegaidiOg the advantagee aDd' disadvantagSB of'land-aidfe, and river- 
aide borrow-pita, the writer hae fully expressed himself," ao that it 
is not necessary to comment further. Particularly is this- bo Tshen the 
author states that he "realized that thia was' not in accordance with 
the usual practice." Baaed on a personal examination znade a few 
hours after the. break of December 5th, 1906, the writer hazards the 
opinion that the damage caused by a head of 15 in. against the-levee 
was due primarily to the presence of land-side borrow-pits, although 
small quantitiea of water came uniler the ievee itself in many places 
due to thei absence , of a muck-ditch, and, the injproper gj-ubbing of the 
foundation. 

, -Regarding the loan of a grading camp by the.Eeclainatign Service 
whicl( outfit the autixojr declares did-wbtk.^t,exceasiy^ cost,, the. follow- 
ing is sijbraitted: , , , , . ..,,-,...,. 

Immediately followingf thebreflk, .iij,.Pec3iibar, 1906,, the writer 
discuaeed with .Mr. Cory the, feasibility pf a^aenibling a ^ufficieut, force 
to construct levees required before the coming of the pnnualfreahet. 
At that time, it was not tnown bow much,, levee .work would, be done, 
as the, surveys were incomplete. ,Con8e<iuently, no contrapta were.^t, 
and ,t}i? ^L^e of the outfit which could be immediately available was 
not kpowp. Because, pf, various jntereqts ,at, st^, ,the writer .sug- 
gested that,, to assist in, overcoming the, dif^ulty. one camp of Qov- 
«mment stock then opfirating 09 the Arizona Jeyees be ,trar|sfexj'ed,for 
the u^ of the palifornia Pey^opment pompany, llr. pory.. welcomed 
this suggestion; authority -wpia secured ,fr!Qm the Peparipient ; and. the 
qapip.was.im^nediately tran^fawed. It was supposed when the transfer 
was made, .that, the cp(np,,,Fas to work for the palifornia Pevelopment 
Cwppany and notfora. ci?(itractor. However, shortly after the .move 
■was made, Jlie. sTsrintendpnt, of, the camp informed the writer that 
he waa workiug under the directioi; of a contractor, and it waa next 
to impossible, for bun to, obtain the proper supplies to keep his camp 
up to, efficiency,. .A yisit, to tlie,,pajnp, shpwed the facta, to be substan- 
tially as BtaJ«d,,an4,a perewiarappeal w,a^ m^de to ]rfr..Cory^ to remedy 
the matter. Thjs,. w^ lemedied, i» ;^ ^^nt^^ui;^. ,hut conditions con- 
tinued to be such that, as soon aa it was evident that the camp was 
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not aecesaai? to secure the completion of the levees ia tidviuLce of the Mr. 
Bimiial flood, the men and equipment weie-brougbt back to the United 
States. 

The camp that was loaned tbe C. D: Co, had been at work for 
considerable time prior, for the Reclamation Service, and continued 
to be thus employed for several Teara thereafter. It was one of the 
most efficient campa wbichithe Service bas. had. on levee construction. 
There have been completed on the Yutna Frcgect about SO miles pf 
levee, aggregatins more than SWOOW cu. jd. of excavation, the ac- 
complishment of wbich conq>areB most favorably in every way with 
any levee work which has come under the writer'a noUce. Ct'iticism of 
Govenmient woric seeioa to be a general pastime of people who are not 
reaponaible for it, and certainly if a contractor desired to place a 
Government camp in an unfavorable light, Mr. Oory granted him a 
most excellent opportunity to do Bo. ■ ■ 

Under the head of "Criticism of Levee Work I>on6" the autlxM- 
ahowB that after a Consulting Board from the Reclemation Semae 
had advised on the methods of levee oonetnictien, their lecommeada- 
tions were ignored and a second Board was necessary before the recom- 
mendation as to the location of borrow-pits was complied with.. The 
author states that the use of the checker-hoard system of I^irow-pita 
inereased the coat of the work- about 63 cents' per cu. yd, Expexienee 
on the Yuma Project hfls shown that aU' increase of !!' c^its perim.' yd. 
is ample to cover this kind of borrow^pit, and -the writer believes 
that the ' protection thus afforded fully justifies tite additional expense. 

International 'KEGtsrUTioNS. ■' "' ■ 
International agreements are necessary to a ooquprehensive plan for 
the control of the Lower Colorado. Such agreements must be preceded 
by diplomatic action, and while such negotiations' ma; be iu progress, 
dlacuseion of this phase of tbe matter appears to be inopportune."' 

The Abejas DrvERSioS. 

. The author ia correct in the statement liat this di^raiop baa bad 
little effect on river levels at the entrance of the Imperial Canal. Tbp 
observationa ahow that it has bad no effect whatever. The »[riter .has 
little &?st-hand knowledge of the work at the Abejaa, carried out under 
the direction of John A. Ockerson, I^ast-Preaident, .At* Soc. . C. E., 
so does not feel, qualified to discuss it. He wishes to state, bowever, 
that tbe delay in starting the work, due to causes over which,, Mr. 
Ockerson bad no control, whidi exposed the operations to the menace 
of the flashy winter floods, had muc^ to do with, the progreas. It is 
believed that the Ockerson plan to. levee the river to ..the range of tidal 
influence is the correct one; until this is done and the Ipyeee are made 
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secure against the attack of -tbe CoTT^bt;' the Lower Colora^ oaanot 

'' be r^arded as tinder coiitrot. 

"iae- Real Probleu. 

The author coiicludei : 

"Because of the various succesaful and unsuccessful work done in 
the region, tie engineering features of irrigation and , river control 
along the Lower Colorado are now understood, and engineering con- 
struction methods are thoroughly developed. 

"The ColoradO'Siver Deltft now. presents no unusual, unsolved en- 
gineering difficulties; its problems are chiefly matters of statecraft, in 
both river control and irrigation." 

After more than 6 years of service, during which time about 46 
miles of the lower river has been in hia charge, tile writer wishes to 
state that, in his judgment, the real problem of this river is not 
generally understood. This problem, for the solution of which the 
author offers jfe aid, is bank protection. Construction methods for its 
accomplishment are not .developed, and it cannot be attained by state- 
craft, however high the talent engaged. Beliaf from this mmtace 
will come only from herd work and a liberal expenditure of money on 
the immediate banks. When levees are undermined while the stream 
is below bank-full stages it is clear that many years must elapse be- 
fore a river of this magnitude will be controlled by reservoirs in sudi 
a way that caving banks will be eliminated. A plan by which Uieee 
banks may be made stable will now be outlined, but, before proceeding 
with it, a short sketch of the flood oi 1912 may be of interest. 

■ L6WEB COLORviDo Floop OF 1812. 

The annual freshet of 1912 first made its appearance on the Yuma 
gauge on March i2tb, the reading then being 117.8 ft. and the dis- 
charge 12 800 sec-ft. It continued to rise until June 22d, when the 
gauge was 129.1 and the discharge was nearly 150000 sec-ft. During 
this rise the erosive action of the current was causing radical changes 
in the bed and banks of the stream, as may be seen by Fig. 72; showing 
conditions at the gauging station. It is there seen that at low water 
the width of the river was 420 ft., its average depth about Si ft., 
maxinnim depth 8 ft., and the area of the flowing prism 1 420 sq. ft. 
At the crest these dimenaiona had become, width 800 ft., average depth 
85 ft., maximum depth 53 ft., area 20 740 aq. ft., the diacharge having 
increased 43 times' and the area about 15 times. This increase in area, 
of 19 320 sq. ft., is made up of 7 440 sq. ft. caused by the rise on the 
gauge and 11880'8q. ft (W>%) which was the increase in section due 
to scour. These modifications in cross-seCtion were probably maximum 
at the gauging station, where the width of the stream is restricted; bat 
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1 uiiBgaititde, axe characteriatic of the ' Hi. 



siroilfir changee, although lea 

lower river. ( . . "* 

. During the rise, exteneive meanderiDga were in .prepress at Tarjoue. 
pointe, the firet attack which required defame being between 10) and. 
12 miles below Yuma, on the Arizona side, where the levee had been 
cut .out by the river in 1909. Daring .1909 and 1910 efforts w«e 
m^de to. hold this portion of th«. bank with fascines and other light: 
bruah protections, but euch work was sooii carried out, and resort was : 
theu bad to permeable dikes of piles and brush. About seventeen 
permeable dikes have been built, beginuiag in May, 1911. Some;ofi 
these. dikes are shown on Higs. 73-aad 74. At this point the 8t«Kmer. 
Searehlight, witii a pile-driver barge, worked throughout the flood-, 
of 1912, building dik^s and defending ^he bank between them with", 
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fascines; A temporary levee also was thrown up when the river threat- . 
ened overflow. The efiorta here were successful, the dikes holding well ■ 
and preventing further recession of the bank line, and the tempo- 
rary , levee removed all danger from overflow, " 

The first attack on the Reservation levee was at the point, G*.<m,' 
Plate LVi. At the beginning of the rise, the bank at this, poiirt was r 
some 800 ft, from the levee, but on June 15th bank caying. set in, and 
on June 17^, when the river was within 150 ft., defensive operationfl 
were commenced. As all our floating plwit was engaged below Tuma, 
the fight here had to be made from the shore. When the stream went 
overbank the bottoms were flooded to within 150 ft, of the levee, mwlriTi g ^ 
defensive operations impractical until the caving reached this point.- 
Fascine mats weighted with sand sacks were hung over the face of 
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the bank, but, as the *atet wBB tnoro than 30 ft deep, snch defenses 
'■ would not reach the bottom, and, althtmgh our work delayed tie ad- 
vanoe of the stream, it was alowly nndermmed, demonstrating that a 
strong revetmoit would be necessar;' to hold the rirer in dieck. Con- 
ditions along tlie front at this point are shown on Fig. 76. Fortu- 
nately, the Reserration ievee fnmishes the location for the Potholes 
Brooch of the Southern Pacific Bailroad, therefore, rock, which was 
the only material di^t would sare the day, could be delivered at the 
site of the works and damped directly into place. Socks weighing from 1 
to 6 tons were ordered from the Declez granite quarries some 300 miles 
west of Yuma on the main line of the Southern Pacific. The railroad ex- 
pedited the ehipmeirt., and within 3$ hours after the order was placed the 
first train load, consisting of fifteen cars, was being thrown into the 
rirer. At this time the river had cut to the toe of the levee slop^ 
the water there being 32 ft in depth, therefore the rocks as rolled from 
the cars could be directed to the point where th^ would accomplish 
the most good. Considerable brash and thousands of sand sacks were 
mixed with the rock, also a limited quantity of spoil which was avail- 
able from the quarries at Laguna Dam- As the fiood came up to crest, 
the attack extended for a length of about 900 ft. Several bad sand 
boils appeared at the inner toe. Fig. 76 shows one of these boils 
"hooped" with sand sacks. This menance became so serious in some 
instances that at one time the destruction of the levee appeared to be 
only a matter of a few hours, and arrangements were made to con- 
fine the overflow in case the levee went out. About 500 ft. to the rear 
of, and parallel to, the levee is one of the canals of tiie Beservation dis; 
tribution system. The outer bank, of this channd was hastily con- 
nected with the levee above and below the threatened portion by sand- 
bag dams (Figs. 77 and 78), 'Uie canal bank between these dams 
being raised to about 1 ft. above the river leveL Sand bags were neces- 
sary as the ground, because of the seepage, was under several inches of 
water, and stock could not be worked upon it. These dan^ and the 
canal bank would have confined the overflow to this area had the 
levee gone out. It was also intended to flood this enclosed area to a 
depth of 2 ft, or more to check the sand boils, water for this pur- 
pose being supplied from the canals, hut the boils were checked by 
a'liberal use of sacks along the front before such action was necessary. 
Kgs. 79 and 80 dhoV the character of the rock used for protection, 
and Fig. 81 ia a view of the Steamer Searchlight engaged in dragging 
the larger- rock from the cars with her steam capstan, the boat having 
been temporarily transferred' for this purpose from the work Wlow. 
The flood crested at about I a. u. on, June 23d, and then fell 
rapidly. By June 25th there was no further danger of overflow, but 
dutaping the spoil, in order to blanket the outer slope and reinforce 
the levee, continued 'until August 18tii. 



by Google 



FlQ. 73. — Pbbmbable DtKBB. 




Fia. 74. — Pkbmkable Dikkb, 



Fia. TB. — CoHDinoHS Alohq the Front. 



b, Google 



b, Google 



DISOnSBION . ON ntBIOATIOtt .AND UVBB^ CONTKOI/ ii^9 

'Wbils thi& Btta<& was in proftreiss, another. ^aa initi&ted by the mk 
river at the pointy A, on Plate LVI. B[€*e the caving banfae came to**'^' 
the leree toe vith a water depth of 30 it, and the defense nae piac- 
ticallf B repetition of the one jnst de»iribed. 

On June 85th, the river having fallen below the.oy^rflow line, 
8hi[»nente of Declez rock were :stoiv>edi a eteam shovel wae pUqedjo 
commiBsion at Laguna Dam, and a work trjiin and orew ware ohtainad 
froln the Southern Pacific Company, which, :with aaaiatanQe f ropi' our 
dinJiy>engineB, continued to dump rock And spoil at-the points, .^i.and 
C. until August 18th, when 13000. <cu.. yd-, .Including 1 300 cu-.jid- of 
Declet rock, bad been placed. . On this date the threatened leveeawere 
safe £rtfm furdier atta*^, and 1^ work was stopped. At the present 
time4he. river lies against tlie rock slope of the leyee at 4 for 1 600 ft. 
B^d at for 1000 ft. .Should. these conditiioos. remain \iiitil. the next 
flood, further rock revetment will probably; be. neceeswy inunediately 
above and. below . each . of tiese.pointsi thspefoie ■ steam shovels, car^, 
and engines are being placed in condition to do this work if required. 

While the attack on the Reservation' levees was going on, rapid 
bank caving was also. in progress, on the Arizona side below Yuma. 
The, work at the 12-mile post has alrea^ been briefly described. At 
the Ifi-mile post the river was 600 ft' from the levee on May 26th. 
On June 1st if had moved out to 1 300 ft. On June lOHi it bad re- 
turned to within 500 ft., onjiane 20th about 300 ft., and on June 26th 
it cut through the levee. When the caving had approached within 
300 ft, of the levee, proviaions were made to protect the work. There 
wfts no floating plant available for this protection, and, had there been, 
no'effective use of it would have been possible, as the depth of water 
and velocity? of the current made the coiietructioft of apiir dikes im- 
practicflble. As there was no railroad on the levee, rock could not be 
obtained,, :8a the, .roads to. the near^t ..qiiarry, ,12 miles away, were.im-, 
passable for heavy loack. , Tlf e only, ;def ense that cou^d be offered." was to 
protect the bank by f aspine mats, ther^ h^ngr pl^'i'ty °^ suitable willow 
brush near at hand, The force enaployei^ consjstinS insinly of Cocopah 
Eidifina, was rather indifferent labof, but by, .diligent efforts the, rate 
of caving was delayed so.rapct ^t^ when it reached the, Isvee on 
June 25th, the river had fallen below the natural' bank level and no 
overflow QcciOTttd.' ' ' 

■ Shortly after the c'litting out of the levee the river aWung away for 
several hundred feet, and later caiae back for a portion of this tji^- 
tance, the present position of the river being ahgwn by the meander 
line oh Plate LVI. 

About July 1st, the river beiag well within its banks, the patrol' 
which had been maintained during the flood was removed. On this 
date no serious Cutting appeared at any point between Yutaa and the' 
International boundary .Line', on Ihe American, side of. the .stream.' 
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On' August lOth it wb^' found t^at the river had' cut tbnHig^h the 
"■ levee 8t the 34 -mile point, but the Uank here being above 'ttw riwer 
level; no overflow had Oiioui'rtd, On Jime SOth, or a. few daya prior 
to the crest of the flood, the baiik at this point was 1800- ft, away 
from the »iver, and there appeeted to have been no material change on 
July Ist, wbeti the patrol was taken: off ; thus it appears that tiie caving 
here must have beeii estr^nely rapid. 

All woA of bank protection was eontinuoua, day arid night, while 
the danger of orerflo* eiisted. During this'period the tcsnpertitaM in 
the day averaged 106° and at night about 73 degrees. Because of the 
extreme heat, the Work wab very hard' on the men, and at times our 
efforts Were greatfy hampered by lack of labor. Atl tbe Indians in 
the vicinity were pressed into service. Wages were teinpot-arily in- 
creased to attract idle men in the Town of Tnma, and on the Reeerva- 
tion the Settlers Whose lands were threatened turned oilt practMiaUy 
t6 a'miin and fought valiftntly in the defense of their homes. 

> FoTiTRB Bask. Fboteoti(M(. . ' 

' The work of bant protecHon ^honld he dit«cted: 

(1) To^flrd holdiiig existing levees and regaining lost ground, in 
order that, worjf whi<dt :has ,heen d^troyed'may. be..rei)uilt 

; near, its original position, thus naintuoing as nearly. as pos- 
sible the irrigable area ; 

(2) Tp cause the river io,. pcqupy a position about midway be- 
., ... tween the iev^ in order tg prevent, if possible, the, erosion of 

, one season from rfi»ching the emhankments; or the river slopes 
.,.. ...; of ,tbe,leve« dfould he.mpde ipapreguahle.tp river fltta<A,, 

It' is also desirable, in order to prevent mt^ahderihg-^which, as 

shown' previously, may resuH in a rise in plan&~^t6;confine-(he stream 
to the shortest routti consistent vrith a' fall of about 1 ft.'-per mile, 
, Regarding the recovery of lost groonii, thb writef is aVare that 
the building, of levee'a on .their bid locatiolis hds not been generally 
practiced- The following, relating, to the Mississippi, is from Occa- 
,Mon(irP'«peri W'o. ,.4J; Engineer Schopt, tT'.' S., A.', page 2T8; 

"Location. — The two objects of levees, protection of land and con- 
centration. of flood discha^e, will be.mpat efficiently obtained, by build- 
ing tiie levees as close as possible to the river hank, and, ais owing 
to the gfeneral ' slope of the bottom laiid, the banks are' ilsually higher 
than the land farther back, tbrir location close to the river eatisfiea 
generally the two conditions of maximum usefulness' and niinimom 
oost,;;and if the river were straight a»d Its faankaistable no better Ibca- 
tioQ could be aought;,but the river, is pot straight aim!, fibC' banks "cavK 
rapidly, and 'a location close to the riv^r therefore has some disad- 
vantages, On' some of the long points of t"he river a levee following 
the bank will have, compared with a line across the point, a length 
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not jnstiflad by the imall additional amount of IvaA pTot«cMd. In A Mt, , 
rapidly oanng bend a levee close to the riT«r bank mnetin « BJiOrt ^•'• 
tame be drttroyed, Complieationfl are also frequently introduced by 
the existence of the old river lakee caused by cut-oSs, The ahortand 
direct line would pass between the lake and the river, but Buch a 
location requires usually a high and large levee and involves danger 
from the npture of the soil recently deposited in the old river bed 
and the probable existence of permeable sub-strata liable to be washed 
out by hydraulic pressure during -floods. On the other hand, Ihe 
Hue acQUnd the lake, though safe, is apt to be of extreme length; 

"The qu^tion of levee location is, therefore, not a ainqile mattsr iai 
should receive careful consideration, but such consideration has, un> 
fortimately, not been always given to it. Most of the existing levees 
have grown up gradually by the incorporation in the main system and 
successive enlargement of old levees built by private parties for their 
own protection, and the location oi these old levees, having been made 
iriftiout any reference to a general system,' is, of course, in' many 
casea, f aiill?. Even wh«re the levee has be^ built entir^ uienv m 
location has bean most usually, fixed by the loofll boards, who &i«,. of 
coutw, subject to local influetices, and many levees have tbus been 
located too close to a caving ban}c, in order to include special farms, 

"But even when a new levee ia to be located with reference only to 
its general use, the question is not an easy one. If the banks of the 
rireT'Cave with any regularity, ' the coat of a new levee and itslife 
in ai^' location oould be balanced against the value, of the additional 
protaction obtained by l^ia location. But the caving doea- not go on 
with any sort of regularity; some places that may not have paved for 
years will suddenly begin to cave rapidly, and at other places where 
caving has long been going on the caving will sometimee somewhat 
suddenly oease. In placing levees near eaving banks, therefore, a 
careful study must be made of tfie locality and of tlie river fof sOme 
miles above, and, in. general, it is considered a good location for the 
levee if this study indicates a probable life of about twenty, yeara." 

Although 20 years was formerly considered economic practice on 
the Mississippi, recent developments have modified it, as shown by di^ 
following:* ' ' ', ..'■■■.■.. 

"It is the judgment of the Commission that these revetment workis 
and some others which wiU be imperative within a short time are re- 
quired for' the preservation of thd Ibree system. Without ' them a 
permanently completed i system will be impoefliblE. ' The ihereasTng 
height and cost of the leveea and the rapid idevelopment of the cioimti7 
protefned by them greatly augment, the disaster of creyasBea. A br^ik 
in BIX embankment ^ or 6 feet high resulting in the thin overfiow ot » 
sparsely populated country is a small calamity coujipared Vith a brea^ 
in a levee 20 feet high, dischai^ng over a thidtty populated country 
threaded with railroads and filled with towns and f&etories. Owing to 
the increased height now necessary to control the floods the exp^ise 
of replacing an undermined levee by a new line going far around 
a lake or impassable swamp is enormous. The point of development 

*R«ponofHl8BlBslpplBlverCoiIunlnloii,&pt>anclUPPf^ChMf of Engineers, I BOS, p. MOB. 
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1^ has coupe at wbiob the only ecotiomieal waj to maintain the larees is 
"•''"■■ to hold the bsnlie against caving — ^not eveiywhere, but in all- plaoeB 
where ^- special conditions exist which Iiave just been described. 
This is a distinct stage of the work, only recently reached." 

The Ateu protected by the Oplorado levees wjJl be occnpied by farms 
lof rather Email area, and coiisequently a comparatively large popula- 
tion win be dependent on thein. Intensive farming will be praetiped, 
and the pr^aiation of the land will be expensive, therefore jt appears 
that overflow ahou]d he prevented by all possible safeguards. The 
^tegrity of &b levee system will depend principally on bank protec- 
tion. There are two general methods by which this may be accom- 
plished: (l)'to Rive the bank a revetment which will protect it against 
erosion; (2) to keep the main current away from, the banks, so tbat 
erosion cannot occur. 

Kevetment may be continuous throughout die river, or salient points 
which. are etroi^y attained may be treated first, 'llte'work b^ng ex- 
tended as occasion demands. The moat extensive irevetinent in the 
fTnited States, if not in the world, ia to be found along the Mississippi 
River and its tributaries, where the General and' State Govemnaents 
and local levee boards have engaged in protective works for many 
years.. The standard revetment consists of 4 woven brush mat or 
faacind mattt^es protectii^ the bed of thestraam for S' short 'distance 
from the shore and the side of the channel below low vrnter. Above 
low Crater, where bnish deteriorates tapidlj, the hank is graded to a 
uniform slope' and paved with rock. Such wprk is very expensive. 

The juagoitude of bank protection and river control on a large 
fitfeam is seen in a."EepQ,rt by a Spedal Soard of Engineera on a 
Snneir of the Uisaissippi from St. Lanis to its Mouth,"* with a 
view to obtaining ta channel 14 ft. deep and of suitable width. On 
page 52 it is stated that , up to the datp of the report, 1909, . there 
bad been expended by the General Government on the Mississippi 
from the mouth of the Missouri to the head of the Passes, rpore than 
$88 000 000. In addition, there had been some millions spent by the 
riparian States and local levee boards.' , . , . , 

Beference is again made tp: Occasional papers No. ^1, Engineer 
School, IJ. S. A., being "A H^sutni of Operatione in the First and 
Sec<md Districts of the Mississippi In)prov«ment, 1882-1901." Thia 
matwiftl, which covers the work dotae by the National Government 
tanderthe direction'of the Army, Engineers, has been compiled in de- 
.taii.ty E. Eveleth' Wihslow, Major, Cqrps'of Engineers: . 

(.From page 45) ; "It is now signsidered settled that in a i4an for 

the permanent iajproTement of the 'Channel by the contraction of its 

low-water width, the work of bank prttection should precede the 

permeable dikes and other structures of that class, and. that the latter 

•Due W ewt Coo|tte«. l« Besripn, 
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lOBy, be fSfiUT^jBd as suptdeineiitai; in f\ai(4d<ma vid, ate oecasotl^ oiily „Mf. 

in a minority ■ of oasa.B." ■ '"*"' "■ 

(from page 47)[ "It waa reeognind froin the btigiBuiiiK' 6f tlie 
Commissi od's work t^at the construction of wotks of bank'pToteeUon 
and chaimel coDtradSon in dataahed reachee would be aubject to in- 
fluemces'moTe of less imfaTorable from cbang^B In vmproteMed billdB 
above. I In iximmencit^ woit in the detaobed reached of Plum Point 
and: Lake Protinee^ tiiB' Oommiseioii was not obHvioue of this fact, 
bnt WBB inflnenced by odier cvnsidenitians wbii^ Be««ted tboveP^lance 
this dlBadTants^, and it hu aot sinbe seen good-tt/Mtm todoabtt^ 
wisdom of tint iteoiaion. But the experience gained in those reacfa«8 
emphasized the fact tliat it ia hi^ily important in any pmjedt for gen- 
eral and peimanent bank protection to lefLvQ . no nnprotacted reaches 
above the work done, from chatMC^-m whic^ new coaditions.insy.be 
prpduoed in in^iroTcd parte of the rinr. Aiid it ie considsied iff- the 
Commissiort th».t in undertaking .a complete and permaiieut system of 
bank protection the work ought to begin. at tbe.upper enij.of the river 
at or near . Cairo and be. carried, thencer down-stream, with Bubstantial 
continuity. • • • 

. "It ie considered that the annual .cost of maintenance of completed 
work could not be eatiinfited at less than" ten per cent of the original 
expenditure." '■.."-. 

(From page 233) : "The object of hank revetment ia to protect the 
banka of the river from destruction by the currents. The iactive 
ai;ency in this bank deatructipn is e^psion,, igid ^aak I>evet3niabtf must 
therefore prevent tbia erosion. Perbiaps the easiest. and most obviQUS 
method of doing this ia by laying over the exposed surface of the 
erodahle bank a non-erodable covering, arid this Is the method adopted. 
This Bon-erodable covering mu(!t; bf bouMei be fairly durable, must 
have suffici«nt flirongth to withetand any strain put lipwi it, atad must 
bei freefroifi intersticee ^irougb whieh.ecour npght tdkd pl^jJe. 

"Owing to the flqctoatiQua ■ in the.river,. the .difierent parts of .the 
bank, are subjected to different conditions. Below. the low-water line 
the banJc is alivaya wet; abo.ve that line' aometimes wet and soilietimes 
diT, and' this difference in conditions allows, if It diies not require, 
thatr the portion of the bfmk above and below low water be' treated 
different. 

. "AboYB low water the, bank can b« seen and the non-erodable cov- 
ering .can be laid with ease, and it has been fou^d that here, a- properly 
laid stone pavement forma an efficient protection. . .The individual 
stones of this paving must, of course; be So large that they cantiot 
be moved by the current, and it was found by' experience that atones of 
this Kze are not of themselVas 'snfficient, as liirongh their inferstieee 
BOOUr oould take l^a<ae wh«i the bian^.waa ^ani^ and the current strong. 
This -has been prevented by. first covering the, bank with a. layer of 
spalls or crush^ rock of such thickness and closeness as to prevent 
scour throUg-h tiem and to hold this down with a layer of larger atone, 
SuUh protection, when Carefully laid, has been proven to be all that is 
required for the upper bank,' ■ •: 

''Below low water .tite mmditlana avs diffeiect.-. As it is impossible 
to «onBtruc|; thiS i)on-«rodeble .covemng actually ^n.,plajqe, the, next 
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bMt thing is'done; conrtructing it titi'the 'smrface of tte water above 
'■ where it is to lie, and when constructed sintiBgTt: In'tiiiBway the 
continuity of the covenng can be assuM^ and it nan be placed ex- 
aictl;. whare.it is ne^edj As'has beea stated, t^is covering must not 
COBtttin interstices ;|iiroii^k whii± scour can take plaoe, for. .in such 
4 case not only would the purpose of ^he coraring not' be fulfilled^ but 
bjf Buoh.sffcur its own ovMitnil -deBtruction would bB.assurfed. 

."The ctivering aetually used has been aOTattreBS -tti biiiab and' liie 
■only Mad that. ha»-heien .found to pcerent bEout 'in' veiy rapad' tfnr- 
rents. ig'the fosoine mattress. In loodemte Eiurreuts aHol^r type of 
mittraes might, do, but aa changes in current conditiotis are always 
likely to bftppentJje fascine mattress only ehouM he used." 
- '(From page 86'6) ;' "In the eaHy*oii brush was used as a covering for 
"the uj^er haiik, but, Subject as it waa here to alternate suhmei^Bnce 
in' the water and eit^osure to the atmosphere, ii decayed r^dly and 
pofleessed .little Bften^tb aftet abo'Uttw'o seasons, aild it was tiisTapid 
decay of the' brush peifmittirig it to be easily, broken U^ ftiid;_expos- 
ing the bank to erosion, that l6d to 'its disuse and.'tbe a^ratttuiioti for 
,it of an all-stone cohering." , . ■ , , ■ , .': • 

{Froin page 260) : | ."It is.probably safe to,,estimate that a faacine 
matbuilt of small brush will be effective for at least twenty-five years 
and, that when a good proportion of, large brysh is. used its life .will be 
Considerahly ■ ejftended." \ 

■ 'Applying tfaes^d principles at Tuina,' revetment shsiild 'b^n' 'at 
Ijigiiiia Datii and proceed continuously down stream^ leaving no un- 
prpteoted, caving banks above completed work.. ... 

;.,,.The portion of the.rey^nent lying above low water ahowld be con- 
structed hy grading the bank, to about a '8 "to -1 elope and paving it 
with rock. This Is aeceBBary,-aS any bnia'h work lASd 'on this' por^ 
tidn'of the tfln^; being' subject to alternate periods of isubtnfergence 
and .exposure, to .the air, w;ill deteriorate in about two seaaoiis and 
he, .of littje, use in holding the bank.-. ^lo.w the low-irater i^a^k, the 
fiides.of the channel toad tiie bottom f on. SO ft. jf Aim shoce should be 
protected by a fascine mattress. Assuming that the gauge osciDation 
alohg 'tbe- Stream ;^s about I?, ft'.,."a slope'of 3. to'l for' tMs height 
.would give aa' exposedbank gf atout 38 ft,, aoi?,, ■with a stone paving 
2"ft;..thici;,,would require .^S.cii^ ft., op, -say, 3 cu.,yi"of rock p^r lin. ft. 
of bAB^ t :S{y..u9iBg (he au»rEi«lp at- Iiaga»a X^am apd Pilot Knob, 
deEvering the stbne into.barges, and then towing tiie: mstenid into 
plecfe' for iife*;,' a fdr estimate ftrl^e iha&fe'rial in' place oh the 'bank 
will;'be' about *2 per cu. yd., or $8 per liii: it: of bank, tn addition, 
asaumti 'that -.brpgb mattre^ ,wni. cost iijwut $4 per. lin. ft, inaking a 
,lptal.for;'n^(tetinen,t of,'$I,0. P«r.;lip^.ft. of- bank, .(n- , $5,0 OCiO . per 'iniJs. 
The distance from Laguna to the Mexican -boundary, ia about ^5 .miles, 
and prdjably'atiteaatitavo'UiirdBofthie distafioe, or 30 miles; will re- 
■q«ire-"c6n^nwAi9ire»*bheirt. '-At a costof fSO-OOO per itofle'ttf-'tiank 
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6r $100 OOO per. mih of liver, 30 ' milea af reTeCmfctit nwiM eoM ehrmt 
t3000000. 

The foragoi&g quotationa jrom the Mississippi reports state that tlte 
annnel maintenance ' of bank reratment ehoiild' not'be taken at leas 
than 10% a( the original cost, which means that eijleaditureB f<w this 
purpose must be duplicated each 10 years. ' 

S. Watera Foz,'M. Am. Soc.C.E., an assistant engineer-in oharge 
of some of the Missouri Biver- improvemiGBts, states*, thait iS miles of 
the alluvial : portion of that streatO had beem improved- at a' cost. of 
12600000^ or about $66000 peTmile. Tbe.division of this'aoBtiras 
atated bj him as follows: 

' Actual construction V. .. .' '....'.' 67 per cent." ,, ' 

Care of, repHirs,. and moving plant 32 '" " ' 

Administration . ... ... ... .1. :i. ...'.i .. .. 9 '* " 

Other it^ns ■.. 2 " " 

,.,,-..■- loo per cent.; ' ,, , 

It is thus seen ■that,:;in this particular case, the cost of mainte- 
nance was more than double tliat assumed for the Colorado. . Another 
thing to be considered in the matter of bank protection is the source 
of the material to be used. The supply of rock in the quarries at 
Laguna Dam and at Pilot Knob is abundant, but the same cannot be 
said regar^ng the brush, whidi for the best results, should be young, 
live willow. In Occasional Papers No. il. Engineer School, U. S. A., 
previously referred to, the following appears on page 46, in an extract 
from reports of the Mississippi River Commission: . ■ 

"Another fact now definitely settled is that in the construetion of 
mattresses of the type now employed on a large scale, the supply of 
matnial.. becomes an element <rf the probleinipreseaiting serious '<lif- 
fiqulty. Thearaa.of willow-prpducing bar nepfaawy.to supply materifll 
for a mile , of fascine, mattress 300 ioetwjde is praeticalls five .tjine^ 
as great as that required for an eqiiaMensth of mattress built gri the 
early years of the work. The quantity of small willow growth used' in 
this i6rm Of itadttrees ia sf'great that the esftariiate of the yearly 
supply available, along the ; whole leiigth of the river. froin- G&aio. tb 
Vi(^biu-g ia not more .ibm suiBin^t for the m^kitig ipf . 1& milea 
per annum of bank revetment." , '.•;.. ^ ... ■ ..r". 

The writer ia not aware how the g*oWth of willow along tlie Oolff- 
rado cwnpaies with that along the Mississippi -between Cairo and 
Virftsburg, but will aaaume for the jjresent that the' qnantitiea are 
about equal.. The assumption will also be mode that the ' quantity re-i 
quired for the Colorado- will not be more than' onef-third -as mucl) 
as that on the Mississippi; therefore, if 60O miles of rrrer provide for 
16 miles of revetment on the Mississippi; it-,wo«ld provide, fi» .45 mile; 

♦ Trdniacliont, Am. Sod. C. E., Vol. LlV:; p. SS6. "' " ^ . ' ■ '- 



SellBw. 
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OB the ColvimAo, If flOO mifea of river wiS fnnub iiHtensl for 45 
'■ miles of reretment, then 45 miks of liver between La^nna Dam and 
the InteniatioBal Boundary wonld pnrride for abont 3^ milec irf auch 
work annually. In the SO miles of Btream to wfaic^ it is suggested the 
NTetnetit be api^ied there voidd be 60 milea of revetted bank, and 
at 3^ miles per year it would reqaire 17 yeais to build this reretment 
with the ordinaiy growth. Tbie make* no allowanoe for the annual 
Kpoift, whidi are estinuded at 10 per ceot. It wonld ako be im- 
practicable, even with the materia} available, to coDstrnct tfaw levet- 
HMntt imniedi&tely, not only on aoconnt of the constrncttve difficulties 
of doing BO much work in a short space of time^ for the control of the 
stream by revetting its banks and contracting its diannel most neces- 
sarily be slow because the changea which these works bring about can- 
not occur immediately. On this point ihe writer quotes from Oeco- 
Btonal Papert previously mentioned, page 41 : 

(From the Mississippi River Commission's report iot 1889) : "This 
wOTk is still incomplete, although its feasibility and value have, it is 
thought, been fair^ demonstrated. It is, however, well understood 
now that it is likely to prove a slower proceM than was at first supposed, 
for the work cannot be hurried. It must be gradual and progressive." 




Seventeen years is entire^ too long a period over which to stfetcfa 
this work, as tiie protection of the Glttvenuuent's investment and the 
welfare of the settlers demand l^t the control of tlie river be ahnoat 
immediate. 

, The radical diSerence betffe«n the. high-water and the low-water 
ffhanTwln of the Cfdorado funti^ another obstacle to. the foregoing 
form of bank protection. An examination of the diagram (Fig. T2> 
shows, that while protection of the upper bank by the rip-rap could 
be readily acoompli^ied, it would be impossible toplaee the fascine 
tnattrees in the. proper position. At low wat», when conditions are 
favorable for mattress work, the channel is bo silted up that a mat- 
toesB sunk in position would not even approximate the place it should 
occupy to protect the flood channel fidm. erbaloo. At high Watez, 
when the channel is scoui«d out and' the bank to be protected is ex- 
posed, the depth of water and the vdoaty of the current are too 
great to accomplish work of. this class successfully. 
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From the foregoing it appears, that mattreaa Tevetment bdow iov I 
water, Bottbiivd with rock TeTetmant above, should nat bs appllod along 
the I«wei- Colorado, for tbe Allowing reesons: 

(1) The high first «t]St and exceesiv* «ost of maintenance (iO%>; 

(2) The time required (17 yeara) lor the natural growth to pro- 
duce the willows neceeaary for thi» form of protection; 

(8) The impossibility of placing the jnattrees in its j>r»H»er posi- 
tion, due to the eilted condition of the stream at thaseseasons 
when depth and velocity are favoriAIa for such work; and 

(4) That in great floods a concetitrat«d attack might destroy a 
portion of the mattreea at a time when tta lepair Qr liie pro- 
tection of the bank thus exposed would be impossible. 

Rock Revetment. — Another niethod of protecting the bank would 
be to make the reretment entlia^vof roch. At low water the exposed 
slope would be graded, properly Tip-rapped, and' at ths' foot of this 
slope a large quantity of loose rock would be placed (Fig. 88).' As the 
high-water channel was created by' the seour ot the current^ this loose 
rock would be undermined and gsadnally slide into position, making 
a reretment along the bank thus exposed which would be practically a 
permanent protection. In approximating the cost of such work, let it 
be assumed that the average depth along tiie levee during high water 
will be about 20 ft. It is known that' at ^iposad points where EeT«« 
cutting has been, in progcess it haa been as raUt^ as 32 ft.^ bnt, for a 
general arerago depth to whidi revetmeaitahaidd extend; 20 ft. appears 
to be safe. Suppose that the rook -tnll stand at a slopfe of 3 t« 1 ; then 
the length of the revetted slope in ocnttact with the water will be 45 ft., 
and, if the cevetment is 3 ft. thick, the area of: the section willbeiSO ft 
Assuming that, owing to wasteful methods by which this is applied, 
onerhalf is lost, then the sectional area of rook per linear foot which 
has to be placed along the levee is 185 Bq. fL, or 5 cu. yd^'or ^KOOO 
cu. yd. per mile oi bank, equal to -60000 ett. yd. per mile of river; 
For SO.miles this would nMaa the placing of 'about 1 500 000 cu. ;d.' of 
material. .-.■,:... ■ ■' 

Should such a course be adopted, quarries would be opened on eaiih 
Nde of. the river at ^Laguna Dam, whiiA, by coiueoting railroads, 
would supply- the levees 'within ecoDomio reach. Aaiother quany at 
Indian Hill, opposite Yuma, would swe for the portioiiv above and 
below .for proper distme^ while Quazriesiat Pilot Snob would control 
the remainder on the Oalif oraia aide: From this latter ' point, a tempo- 
rary trestle* which Appears to be the b^rt 'ammgnnent, would oonnect 
with, tile YUiha YeSey levee, on the Arizona side of the Colcn-ado. 
Later, if it was decided to extend similar treatment to the Gila levees, 
the Arizona quarry at Laguna Dam woold oontito^ the levee on; the 
north side of the stream, and the south levee could be reached from 



by Google 



J502 MsoDseiosr os n«UGAno« and ktver contbol 

ICr. FebiteotiBlT Hill. Connderingaow ontj' the embankmentB along the 
' Colorado, it.' appeera that the suggested tieatment will requiTe a rail- 
road over their entire laigth, -which ife &boBt 60 utiles. These levees 
are ajready in ei^steace, asd the co§t of equipping them with track 

(52-lb. rpils> is-estimated as follows: ... 
Cost per mile of railroad .on existing levee: 

■ Steel, 63-lb. rs: 90 tens, 'at $80. ;.:.... ;.':..' $2700 ' 

■■■■■■ ■ -FuBtefaiiigB' ■ '..:...'. .:':.■ '. V: :. ;. .."..■..'. ,",.■,.".; " 600 

■ Ties,"2600; at $l-.25;::;''. .;..:.■. .: :..;..; 3'250 

•" " IVack-ltiyiiig. ..■.;.:..;...■..;.:....■.■...■..;;■.:■... ■■ 400'' 

■ Train- ■serrioe. ..".■. .'. .-"■- ...:";.;.."/.. .:[.._.'.'.'. ; '' 125 

(Say, $7 000 per mile) $!7 075 -. 

, . .llhere is a railroad on /^vBesawiUoii levee between Twna anl 
.X^gima I>ii^v<.uid deducting.this length of IS Biilesirom Uie SO milefi 
pequi«d leaves 47 toilee to. he bvdlt- At -$7 000 'por- mile ibas coat 
would he $3^0 POO,. t6 ivbicli ma7::be^a<kled:<d>oat ^laOOO for -the Pilot 
HJaoh trestle, giiviog. a total f or ntileoad coDstruotiOn of , say, 9MO060. 
The average length of haid feom these qaar dee will- apptoximate IS 
mil^S, and it- ^uld be dtHie ior not .more" thin H cents per ton-mite. 
The.! fiOOtOOO cu.iyd. wdll -equal about aoOOOOO tone, and with an aver^ 
«ge havil of ,'15 miles, gives 45 000 000 toa-miles, which atl) ^nts equals 
{&78;0O0l- Ueing' Udrge steam. shovels, qultmes with long «nd high faces, 
miasd with fmall 'tuimels. in wfaiiih hear?' «faarges are need, it ifrould 
apfiear that: the mateiaal-coaldbexitaeed on the cart at ah outside price 
of SO.cestS per cu. yd.; bothis should he-added^ «ay, 25"c«iits per Cu. yd. 
for qpTflaidiag land placing tbe:m(^ on tha slope,' giving 55 cents per 
.cu. yd- as the. cost above thait of hauling: At 53 centei 1 600 000 cil. yd. 
would qpst $825 OOO,., which,' added to the «xpeiiBe of :b(roling, makes a 
tOteir-charge .of $1500 000, which is. increased to $1 840 000 whea the 
aost of building. the railroad is included. Adding 10% f6r contingencies 
and repairs gives a^roUnd sum of .82'OOO'0OO 'for protecting SO miles 
of river, or about $66 OOO per mile, equivalent to $33 000 per mile of 

..Although theBe.estimateaimust be conaidwdd b« approximations, it 
epp^aro tb^,. permanent rock revetment can he- had for iiotnlore than 
ODfl in which .raattreSBes are used,' and probably for less. The per- 
maDe:uce of the rock, it^ sU^t mtintenaDce cost; the. ample quantity 
available, and:the ftlct that, it can'be [^ced aswell during< attack at 
high water as at low, n^as it.tba:hesli and -most econttmie frotection 
for . the banks -of .the river between, Laguna Dtei-. and the Alexican 
boundary. Oncotbe; tracks Tvere oii the levee, exposed points oould 
be quicMy protected, and the remainder of the work could proceed as 
desired;.- ■,■■■■■,..■„: 
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By,J)efyctin4i„CurTfn^,T,~^&esiM protection by deflectitlg tbeiciirTento' i 
avay. tram, tii»-'ahoTe :so Aat'OKsion'ttaiinot oocnir tats tw ilolie b^' 
^uii-diteB <fr b<f> otM^in^' cbUnMh vcrtfBd Htttiii'baiFa -frbn^^ are the cadsc' 

©■f/ffieimpingemejitr 'The 'd^Beciion of /^urrentfi'.bybtiiBb 'dififea bas 
be6n tried in many localities aaJ with 'varyinK, degreea'of jiucceaa-. 
Tb^ anesiibj^t-tp deatr^<^pi),by.;tbQ OAtursl a^urse of detena^tion, 
by tle^p scpuT ,whicb qcpvu^ ai^^und thc^.Qut^.ettd^-And by the uitderr ■ 
cutting iof eddie« b^ow tb«ii wfaiefa 'they have oreKted. ^hty barabecn 
tried sufflffleirtb' *lonff tbe;-I«»OT GolofW* Hilder the writei^^ direc-' 
tion to"denion8trate tbat at best they ai;e only a'termporary ^edienK 
H bnilt at Cotlxinwood plliiig', wbiiJi g*'?w8 alo.ng ithe .banks of the, 
atresin, 'their. life would pot .eRceed 2^. lO;; 3,yeare.,as the..ntaiijiiiUB; 
pirobably tha.avea-age, ifl,..nqt.. ijiora tbap.2 peara, ConBtruoted .of , fir 
piling, they. iCDtild .be depended on foar H OC'? years. If* at the end ot 
that time.-die.*2iEW"baiikB which had been crut*d hy liliing between 
tbens ■ were not ptotectfld'b;^ revetment, it is'probable thst the dikes' would 
need rtne*aV in . brdei* to 'hold th6 work; 'Ohe otfier disadvantage of 
spur-dikes ia'that tbe proper location ^or, them is denioristratcd only by 
the.yafying attack of "the' 'river, and, when' this iittaek eomea on, the 
water js generally .aa deepl.and; ihe^curiento'sb s.wift that the,. dikps, 
cannot be built. It ,i«. 1^4 net^asai; to 4^wi them, a^i best- one can 
nattil; lower wa*er, and peehapB, on the falling atage,< the river t^aDgee 
its point of attack:,'. ao that dihea U« needed iii other places. In the' ^ 
writer^ indgment, prtrtetftion 'by spurs should be -used onlif in ali etner- 
gency; they have no pl&cein'any permanent form of , bank proteetidii ' 
on this rivSr. .,.- ;',. 

Jhedgin^.-r-Xh^rei .i^jn^s the mettiod of , -diverting the^ tjurr^t.by . 
opmting Mp ohanaels -aaross sand-bflirB. . Wherever the banka ha«p.:beon 
attB<^ed,-.the impingement bubeen eauBed directly by the foimaJtion. 
of d«f)OBit8 on the oppoaite side Of the atreain.: As tbeM deposits bntld 
out toward the opposite bank, the flowing' prisln 'of' the river is nar- 
rowed, the Aonbsntratf on of Ibo : water inoeeMes tb© vdoeiliy, the cbaijnel 
19. cwm^dndingly deepenMt- aB<^' as a result, thaW iaideep :w«teriand- 
hig^ velocity ^aiost^a-cavinsbanlc Undfer guch conditiona, if it, were 
poesible ttt opwiilp a. diamiel of sufficient dimeusiona pcroes.thlB bar, 
and if tb* eorrentiCouldibe induced to follow, tbjs new cbaimeU the 
attack on thefbankr^duld be immediately relieved. In some inatancce, . 
whera tte encroaching: bal isi^httrt and ot^r conditions are favorable, 
channels have been opened up and relief secured by. a .liberal, use of , 
dyndmite. ■Stoch.a.iaetbod-js.impiactiesble.in most, c^ea. idoi^g the 
river. : It is.'srfdoro that «■ condition .occurs. that can be relieved. by 
explosives. .- ,. ... : .. 

The following ifl-talfen lionf Qccoeionof Pap^rp No.,J,l, page W: : 

"The' experience" With' the' reretnient 'work previously ' done barf 

shown it to b« hiadequBteior'thepiirposei and rapid ohangeB-of type 
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.' were not' iaade until tfaeM vas- developed the standard i)f the 
'"^weeent day: A iascine subagoeous mattresa with upper bank paving 
of stone. But as the revetment work bad gFadually been ijicieaabd in 
strength, it had also: increased in cost, until in the new standard ^fpa 
the cost had reached about $30 per linear foot of bank, or approxi- 
mately $150 000 per mile. 

"Aa the lai^ cost of a systematic imftMVement of the whole river 
becanie evident^ liie Codunission wag led to investigate means for 
tenqmrarily improving navigation during die low-water season. The 
principal obstructions met with are the «md bars built up during hi|^ 
stages, through whicJi the river slowly cuts a cjtannrel as the flood 
recedes. If this process could be assisted and hastened, navigation 
Wbuld be improved thereby, and to this end experiment were qiade 
with dredges. These experiments, started in 1894, were auccessful 
atid as a result the Cominission was led to reconsider the whole sab- 
jaot of the river improvement^ and as a result of this study the Cora- 
mission decided t«. adopt a new plan for future opeFatiobs, nanely, 
to depend for the relief of the- immediate needs of naviigBtion upcm 
dredging, and to reatrict the:, improvement by bank revetmoDt- to 
special localities, where local interests or necessities demanded ii." 

(Froia page 46) ; "Erom all these facte together it became apparent 
several years agc> — not all at once, but graduSly, as facts accumulated 
and the deduction of experiejibe was linfolded — that it was not pos- 
sible by any or all of the methods which had been employed to ac- 
complish sudi permanent improvement ctfthe river itom Cairo down 
afi'Was:nece88ttry to. meet the srgent demands of comlnerce within any 
reasfHiable time to comei ' It was this disagreeable but un^yoidable 
conelusion from the worjc of preceding years, togetber with the recent 
and wonderful development of the hydraulic dredge, that led the 
OommissioD to undertake the. experiments of dredging the bars of . the 
river with the view to the temporary improvement of its low-water <Aan- 
nel wbirib has been detailed in recent r^^orts of the Ctnumisaion and 
to urincb' more extended r^erenoeis made elsewhere in "Una. report. 
Thtwe ex^rimeuts have pi»c«eded 'favorably so fan aai to b<dd out a 
reasonable probability of entire success." 

> A siiction dredge of large' capadt^ and light draft Wbtdi could- be 
maneuTored Sn the Colorado during flood stages would-be of vabie in 
(Opening cbann^s acroes sand-bars. litiri&g low water the dredge could 
be lifted in T^e&ting a obannel about midway between the levees at tfaoee 
pwnts w'hete attack -from caving banks was iimninenfc.' The excavated 
mttterjal Could be deposited in the vioinity »jf' the levea. through pipes 
carried on pontoons, ther^^' building the banks aicid making' their 
alignment more regular:- ■' ■■ ' ■ ' 

It might appear at first theiight 'tiiat tBe qtnmtity of Material to 
be mteVed would require a dredge bf unheard-ef proportions, and that 
the expense would be prohibitive, but such work appears to be well 
within the rabge- of the hydHiu-tic di^dges' as devebiped for work on 
tbe Mississippi Biver, the largest of < wbiol^ bfLve a c^i^citf . of 2000 
cu. yd.. p» 'hour. .\About .mie-tibird. of >tiheir itime i&iloat in tie-UP» for 
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repairs during high wetor, maneuTering for porition on bars, and in ht. 
change of position, ao'-that throughout the year the dredge would ^"" 
operate not taore than 340 days, or 6 760 hours. Such operation of 
the dredge would result in remoring About llOOOOOO cu. yd, of 
material, 

Asauming a l6w-water discharge of 4 600 sec-ft., passing Yuma with 
a velocity of 3 ft per see,, the ftr«a:of the flo>wing priam would be 
1 600 sq. ft. If this was excavated, with a. deptii of 6 fk and' k width 
of 300 ft., the 46 miles of Bach channel between Laguna Dam and the 
Sonora line would contain about 12 400000 cli. yd. It is clear that no 
such quantity of excavation will ever be required along the lower riv» 
in any one season, therefore the dredge under discussion has ample 
capacity. The qu<«tio^ to be examined are: (1) its cost; (2) whether 
it can be designed of dimensions which will allow it to navigate the 
shallow and tortuous channels of the Colorado; and (3) whether it can 
be operated during floods for opening channels acrOea tita bars. 

Referring to Document 50, 61at Oongreas, page 66, where isshown 
a memorandum of a project for maintainii^ by hj'draulic dredging 
alone a navigable channel, 14 ft. deep and 500 ft. wide, between Sk 
Louis and the niouth of the Ohio River: The eatimatea provide for 
20 dredges, each with a capacity of 2 000 cu. yd. per hour, to Cost^ with 
all attendant floating plant, tools, auxiliaries, etc., $6 000000, or 
$300 000 per dredge. The annual maintenance is stated as $100 000 per 
dredge. : In estimating thQ cost of a dredge, its life is here assumed 
as 20 years, and a sinliing fund is provided for its renewal at the ^id 
of that itime.. 

Estimated Annual Cost of Dredges. '- ■ ■■ 

Interest at 8% on $300 000 ..., $9 000 

Annual maintenance , 100000 

Sinicing fund. .,...; , , 11 166 

$130166 

' ' The maintenance of ti)e channel by dredging would require cob-. 
tinuoiia work, year after year, no permanent results being obtained. 
In about 18 years the sum of the annual' maintenance would equal 4^ 
estimated cost of the rock revetment, and the maintenanoe, capitalized 
at S%, gives an amount double that for which it appeaxs a safe and 
pemaanent bank protection may be obtained. Whether or not a dredge 
can be built to satisfy the local conditions cannot be stated from. the 
data at h^id, but as such operations will cost double those Qecessary 
for permanent bank protection, further examination in this direction 
appears to be needless. 
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:■ CosCLUSioss. 

The pnipoee of this diwaflBion is to indicate in a gESAsl wa; the 
present ctmditiimB along the Lower Coli»ado, and to point oat, fran an 
analysis of the data here asMmbled, the futare couse which will pioba- 
bly be productive of the best resolts. It appears: 

(1) That in their pmeat state, the levees are at the men? of tbe 
iBeandgis of the stream, ^cocpt throo^oat those portions wl^re a 
nnlroad occupies tbe leree top; 

(S) That checking tite meanders at the stream by permeahle dikes 
daring low water and brush defoices during' hi^ water kie simply 
fsaergeaey works which aocranplish no pmnanent good; 

(3) That owing to tbe large amoont of scour during fiediets and 
the fill-twck on the falling stage, bank pn^ection by means of willow 
mattresses as constructed in other places is impractical, if not 
impossible; 

(4) That bank revetment, permanent in. character and reasonable 
in cost, when conqwred with other methods, can be readily and quickly 
aoconqilished with nx^ placed from railroad trains operated aa the 
levee tops and connecting with existing quarries which are within a 
reas<mable distance; 

(5) That further investigation is needed before it can be predicted, 
with any degree of accuracy, what effect the possible storage of flood 
water on the apper reat^es will have on the flood discharge and tbe 
meandering tendency of the lower river; 

(6J That it is doubtful if the amomit of control obtained in tiaa 
manner will eliminate the necessity of bank protection, and, even if 
such control could be obtained, a number of years must dapae before it 
can be made eSective; 

(7) In the meantinie, existing works will continue to be menaced, 
therefore protective meamues of greater or lesser magnitude must oon- 
tinucL In view of tins fact, and the probability that some ca.ving banka 
win always exist, the money c^ent for their protectitm ahould be for 
permanent revetment 

ITotliing in the forgoing should be construed as opposing in any 
desree tbe creataon of storage voAb at the bead-waters of the Colorado- 
All feasible sites should be carefully examined, their probdjle in- 
fluence estimated, and a well-detennined constructitsi plan matured. 
Such preUminary action is necessary befc»e the advantages to oome 
from the complete development of this river can be realised. 

The destiny of this stream should be controlled by eigineers rather 
dian by statesmen, as the author suggests. 

Elwood Ueao, U. Au. Soo. C. E. (by letter).— The author's able 

'' review of the irrigation development in the Inqierial Vall^ and the 

measures taken to control the Colorado River, describes the moet 
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unique achieTmnent in American enguieiei;iQg einca ¥s4§ deepeafd' tlie Jte. 
mouth of the MiWsaippL ', The Society ia indebted to Mr- Gory Ua *^ 
haring given suck a complete hiatpry. 

If the gap in the Colorado h^ aqt been .doMd. Impectal -and -a 
acore of other tpwne wouUl have bwn buried dece under the vaters of 
an inland sea; th^ grain fielda and orohanht of thouaands of Saimsn, 
and representing the aavings d lifetuoes^ would hare been blotted eat; 
one-tweJfth of the irrtgatfld axet of California would have dia^ipeared) 
the Tjipiim Dam would to-day bare probably been Mdy a xmraoTy; 
and the greatest change ip the earth's geogzaphy which^as taken plaoe 
within recorded time woald liave been an established fad 

Only tlioae w]v> heard tiie turbulent torrent that rbiired through the 
break in the bask of the Oblorado and law the foreat-coTered lattds 
along the new channel' melt and disappear in its det)thB, could nnder- 
stand tlM appalling nature of the disaster which impended and the 
tremendous odds which had to b6' faced to restore t^e river to its 
original chaaneL ■ ■ ■ 

In' thia attempt an ei^endittlrg of moiee -than $1 000000 had to he 
risked, with the chancee on the side of failure. The cobrat^e' with 
which Mr. Bandolpli -aai Mr. Ooi^ assubied their trying tesponsibiljtjj 
sztd tlie gieiiendshii> which they showed in handling their immense 
equii^nent, are not made clear in Mr. Cory's paper.l Only {hose who 
knew the conditions fa<»d can fully appreciate the superb merit of their 
achieremant. ' 

The diief value of tJiis paper, however, is not found in its descrip- 
tion of the engineering methods used, but in the social and political 
conditions, attending irrigation development in the West, whioh it 
reveals. Tbie history ehowe that, bo far as this euterprise was cou'. 
ceroed, there was an utter lack of public direction and supervision, or 
either State or National aid; and, aa .theee are fundanteotal features 
of irrigation developnient. it is that portatn of the pap«r which the 
writer proposes to discuss. . . 

if it is the duty of the Government to conserve the public re-, 
source and to give any regard to the general welfare of the people de- 
veloping them, this should be shown by the eiMCitiaent of intelligent 
land and water, laws and adequate adminiatrative ocmtrol of streams, sa 
thiH ia ihe only meane of ensuring thefull devdopment of theae-roi- 
sourcee and the right conditiona of life in t^ arid West. This pazt of the 
country ^nbrAoes two-fifths of thJe Nation's area. It was almost worth- 
lese without irrigatiom it is iumiensety valui^le now, but the change 
has been accompanied by a waste of effort, a loss of money, and the 
infliction of herdsbipe and injustice witich- eotild have- been easily 
prevented if the State and Nationaliaw-makers had' done their duty. 
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' When Westers aettlement leaicfaed tlie 8iid region, CongreeB should 
bave provided for the diveraion of rivers under public control, and in 
accordance with a general plan. This wOuId have secured the irriga- 
tion of ths beet land, prevented the dupliOation of canals, or the build- 
ing of canftls where theie wa6 Ao wntet to fill them. It should either 
have built the large and coatly irrigation works as Gkivemment projects, 
or safegaarded the private investinenta in these <iCorks, b? making 
land and water Becurit; for the coat. Instead cd this, thefe has never 
been-aRy eatisfacbny- title to water, and the public land has ahnOst 
invaTisbly passed into a control hostile to or indq>endent of Ute irriga- 
tion woricB. Instead of adequate security, there was never, prior to the 
passago of the Oarey Act and the Wytmiing Stste law accepting' this 
Act, any. seouri^ for the moii^ spent in irrigation woite to water 
public lands, And at least, three-fburths o£ these enterprises were 
financial disasterH. 

If all important irrigation works had been biiilt by the Govern- 
ment, money could have been obtained at one-fourth the interest charge 
the majority of;private projects had to pay. and without ths ruinous 
discounts on loans which the. flotation of .theee. eiiterpriaes entailed. 
Low interest rates would baye made mutib lower water cbaiges possible 
and thus removed from Aqiericaa irrigation, itfl most serious handicap. 
If there bad been any attempt to frame a land law suited to require- 
ments in the arid region, it would have at once been manifest that 
the homestead should have been reduced in acreage instead of in- 
creased, because it requires more labor to cultivate 80 irrigated acres 
than it does 160 acres watered by rain, . and the returns are larger. 
Instead of reducing the homestead and restricting settlement to home- 
steads, however, the Desert and Land Act was passed, which gave 
640 acres to the individual, conferring title without residence, .without 
cijltiv&tion, and too often with the mere pretence of watering. The 
Desert Land Act was promoted by the rich range stock owner. It was 
the' -Worst handicap irrigation ever had, and, instead of aiding the de- 
serving settler, it took away his best opportunities. Instead of public 
controlof stl*ama, inen fought for their posseasiona 'With shot^una 
and shovels along the banks, or with more costly weapons in the 
Courts, ■ where litigation; instead of settling issues, as a rule, created 
new -fields for controversy. The water-right litigation of the arid 
States has not only been a continuing sonrce of ill-feeling, injustice, 
waate, and loss, but its existence is a reflection on the capacity of the 
lew^makere who are responsible for it. An. understanding of these 
laatters is neceasary ri^tly to interpret what occurred in the Jinperial 

YaOsS. fl ,-, . 

The irrigation: and settlement of the desert of Scu^ern California 
should never Lave been left to private enterprise. This was a case. 
calling for direct Governmental control and responsibility. The desert 
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wflH below eea level. It was vorthleea to the State, dangerous to travel-, i 
ere, and ugly to \o6k upon. It wae known that the Colorado Kiver ^ 
was a stream subject to torrential floods, and that the books were 
alluvial; and it required ooly the slightest consideration to realize the 
danger which would menace settjera, ii , they were allowed : to. make 
homes in this valley without the diversion .works being made safe 
beyond question. The benefits ^ich would comefrom Irrigation and 
settlement made it a matter of direct concern . to every residsnt of 
California, gave the project a Nationa] importance, and justified its 
conatmction as .a public wgrt 

If, however, the State did not build. the works, it.wfla. its. duty tq 
superviae them and protect the private ent^^rise which did. Before - 
investors were allowed to risk their capital or settlers -risk their livee 
and comfort, some public authority should have seen to it that th? 
land was fit to cultivate, and that there, was, a ^al title to w^ter; 
and there should have been an inspection of ^gineeripg, plans and an 
investigation of financial arrangements. . , . , < 

Instead of this, an irresp<»]^ible company without .capital employs 
an engineer, .whom it fails to pay. A right to ,10,000 cu, ft. .per sec. 
of a navigable international streeju is eatablishfid by, the fmgineer 
posting a notice in an uninhabited jungle of we^.and brush.. Of 
course, this was a farce, but it w.as the manner .of establishing water 
titles prescribed by. the law of California. .That, the title was wprth- 
loss was shown later, but the early investors did not know this, they 
trusted the State to uphold and defend its statutes, and were betrayed- 
Anj one who reviews this record must be amazed at . the .exhibit of' 
imperfect laws and the incompetence or indiffer^ice of . the public 
authorities. The surveye of public lands. were shown to have been, 
fraudulent, which was bad enough, but the dday of six years in correct-. 
ine them was, infinitely worae. The examination of the soil , should 
have been made before settlement instead of afterward, and should 
never have been made except by experts having practical knowledge 
of irrigation. Instead of a proper land law, ^luch of the land, was. 
acquired by ■ non-reaidant speculators, 

When the water title was attacked by tlie Interior . Department, 
it was the duty of .tie State, to defend its, authority, to grant titles ^nd to 
protect this struggling project and the unfortunate settlere. ,Fqr this 
protection, however, they had to look to a foreign country, and, one 
wonders, what would h^vebeen the. result if Mexico had been as in- 
different as ikp United States, This attack on the water title by the 
United States seems to have been morally wrong even, if legally defensible, 
finally, when it , was known that the river was beyond control, 
and the OLOst appalling calamity that, ever menaced the State of GaU- 
fomia was impending, it should not have been left to a bankrupt com-, 
pany and impoverished settlers to cope unaided with this disaster. 
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«r\. It was the duty of the State or Nation to take chaise, and provide 
' the money and men needed to restore the river to its former channel. 
Apparently, no- one' in authority was interested, tBe State Government 
only considered the matter long enough to write a letter to the Presi- 
dent; and the President, having' Odngress on hia bands, shifted the 
responsibiKty to ihe head of a raitoiid company; and it was not until 
this railroad coriipany took charge tKat we have the first refreshing 
example of generosity and public spirit. Nothing could' have been 
finer than the' action of Mr. Harriman. The loan of $250 000 when 
bis time and resourceg were overtaxed' b? the earthquake at San 
Frandsco, providing more than JIOOOWO for the last hazardous at- 
tempt to save 'the valley, fnrnisbes'an inspiring contrast to the supine 
indifference and irre^onsibility shown by bolb the State and Federal 
authorities. 

The Imperial Talley produced last year crops worth $10000 000. 
The moat desol&te part of California has become attractive, productive, 
and profitable; but, when one coriteifiplateB ' the hardahip; anxietr, and 
suffering of ' settlerB, and the waste and loss to the investors 'iit the 
enterprise; one' eantiot help feeling that the conditions which imposed 
such burdens on development ought to be reinoVed. 

' ■ Tho -National and State benefits' wtWh have result^ ought to 
have brought both wealth and public recogniti<m to ihe pioneers of 
the enterprise; instead, its engineer and organizer was in the end 
cast on the sCrap heap, his life work wasted;' and a large' percentage 
of the pioneer settlers, after untold hardships, had fo give up and 
leave. Many of those now'in the valley have had to pay high prices 
for their land aa the result of early ■ acqiiirement by speculators. The 
Southern Pacific Company, although requested by the President of 
the United States to save this valley from destruction, has not been 
paid for' doing so. The speculators in the Compaby, who were astuta 
enoi^h to get two dollars for one,' have in many instances become rich; 
the lawyers who have had charge of tbe unending litigation have reaped 
tt fruitful harvest; but those who worked for tbe real success of the 
enterprise, the men who risked their own comfort and thdt of their 
families to create homes, have paid penalties which are entirely un- 
Aeceasaty wbere irrigation d^elijpment is carried out under a proper 
eastern of public control. 

' Mr; Cory's paper needs to be read in connection -with that recently- 
submitted by Mr, Lewis,* thb State Erigirieer of Oregon; both papers 
show tihe need for a change in the public' conception of the duties ancl 
responsibilities of the Government in conserving and developing public 
rfesoufces,' arid a general appreciation of the need of more effective laws 
for safeguarding investments arid making the settlement of 'arid lands 
easier, dieaper, and safer than tbis h& been in tbe past. 

• Traniactiona, Am. Soc. C. E., Vol. LXXVI, p. 637. 
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W. W. FolleTt, M. Am. Sog. C. E. (by letter),— Mr. Cory's paper Mr- 
is T&luable and interesting for several reasons. It gives in chrono- 
logical order the history of irrigation in the Imperial Valley, culminat- 
ing in the terrible battles nith the gigantic and treacheroue Colorado | 
it tecords the impressions and beliefa, after sober second thought, of 
one who was there in responsible charge during the months and years 
of greatest stress, and, above all, it is especially pleasing to. the writer 
because the author takea ocoBsion to show how; uncalled for was ths 
hysteria which accused Mr. Bockwood of having vofid^ a criminal 
blunder in opening the cut through which the river made the crevasse.* 

In Maroh, 1903, the writer made a trip dewn the. Colorado River 
by Towboat, starting at Yuma and going to a, place known locally aa 
"Mike's Landing," which was about 80 or flO miles by river below 
Yuma and Sear . the heajd of tide-wat«r. The return trip was made 
by wagon; liirough the delta lands west of the river, along the :west 
bank of Volcano Lake, and to Oalezico. 

On this trip, which was made an a Yuma gauge of. 18.3, or about 
1.5 ft. al>Dve low water for that season, it waa noted that the height 
of the river banks varied from 6 to 8 ft. ahowB the surface of the 
water. The maximum flood of 1903 was 2i.5 on the Yuma gauge, 
and, judging from the high-water marks on the trees, filled the rivai 
a trifle more than bank-fuU, whether the banks were 6 or B ft. hi^ 
Apparently, so much water escaped as soon as the banks 'were topped 
that the rise oeaaed. After passing a point about where the firevasaa 
o£ 1905 afterward occurred, where the width of the channel was 
800 ft. or more, the latter narrowed, as water was spilled over the hauks^ 
until it was only 410 ft. between the. overflow banks at Make's Land- 
ing- These apparently did not ovwflow de^y-^ilthough at that time 
there had not been for many years such enormous liUsidiaTges as have 
come during the last 8 o; 9 years. 

On leaving the landing, the wagon road led directly away from the 
river for about 10 miles and then veered to . the northward, toward 
Volcano Lake. The high-water marks showed that. there was a rapid 
fall in the, ground as the river was left behind. Of course, these marks 
were not level, but fell away from the river, as drift showed that the 
current had been in that direction. The fall mentioned by the author 
— from 5 to 8 ft, in the first 3 000 ft — was found, being nearer the 
latter figure. After, that, the fall was more gradual. . 

In going north it was noted that each flood-water channel crossed 
was running on a ridge similar to, hut much smaller than, that on 
which the main river ran. 

As a result of that trip, the writer was injpressed with the idea 
that the Colorado was nearing an epochal change in its course across 
its delta. It is well known that an alluvial stream builds up its banks 

• Trantadiom, Am. 8oc. C. E.. Vol. LXH, p. M. 
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and beda across its delta until it liee on a ridge; and that finally 
the time comes when the river breaks away from this ridge, takes 
a new couTBe to the sea across the lower portion of the delta, and 
proceeds to build another ridge. When the stream reaches this condi- 
tion of instability it i? impossible, except at great expense, to keep it 
on the high ground. The writer had no idea, however, that the river 
would break into the Imperial Valley, but believed that the ridge 
north of Volcano Lake and the embankment along the canal of the 
Oalifomia Development Company, would prevent auch a. divereion. 

SubBe<^ent events have'confirmed tliis idea, and the writer ia now 
of the opinion that any money which may be spent in attempting 
to close the Abejas Crevasse will be wasted, because, even if it is 
closed and held, the river will break out again somewhere else. 

The author has shown quite clearly* that no serious grade recession 
has resulted from the Abejes Crevasse. As the river has been running 
through this opening for 4 years, during which time there have come 
the two largest floods ever known, it ia fair to aasume that no further 
grade recession will occur, but that a new delta is forming, pointing 
toward Volcano Ldi:e, and that t^ tendency henceforward will be for 
the bed of the river to riae. Therefore, no danger to the water supply 
of the California Development Company nor to Lsguna Dam is to 
be expected. It is best, therefore, to recognize this as an epochal 
change, allow the nver to take ita own course to the Gtulf , and protect 
the Iiaperial Valley by raising and strengthening periodically the levee 
whi(^ lies north of Volcano Lake and extends back to the river. For 
the valley this will be a sure protection, which the dosii^ of the Abejas 
Orevasse would not afford for any length of time. 

Attention is called to the narrow gorge between levees, which be- 
gins opposite Andrade and extends for 2 miles down stream. The 
levees average about 1 500 ft. apart, with a vridth of river channel of 
1000 ft.; that is, the average berm on each side between the river 
and the levee is only 250 ft., and, in some places, it is probably 
narrower. This condition ia shown on Plate L. 

If, during Bome flood, the current of the river should be deflected 
BO as to strike the right bank, and scouring began, it is the writer's 
belief that the levee and canal bank would be eat^i away like sugar, 
and the river would be diverted into the canal and down the Alamo, 
again reaching the Salton Sea. 

To prevent this diversion, a safety gate can be built about 2 miles 
below the Hind Dam (see Plate L). At this point, the Kock- 
wood Orevasse channel touches the sand hills on the north, and a croas- 
levee could be built from the gate to the main levee on tiie south. Aa 
there is much fall, a drop would probably be needed. In this might be 

• rugefl l»4-»!ie, aDd BHr. S. 
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placed gatea, if thought beet, which etmld be used for eluicing sand _*^ 
from the canal ahore. 

The writer was on the ground several times priof to the elomire 
of the crevaase by thfe Hind Dam, and was strongly impreaaed witii 
the danger of the river "si^e-wiping" the canal in thiB sarro* stretch. 
If it starts to shift, the efiorteof man to stop it will seem puny in 
comparison with the immense destructive force of the current. It ia 
stated that, in the' fidinger Dam, piles, 64 ft. long, were driven more 
than 50 ft. into the bed of the river, and thal^ whoi the fiood stru^ 
tbem, they scoured out and floated away; diey were not broken, bat 
came out bodily. Attention la called to the author's atatement (page 
1214) that, in 1907 and again in 1909, it was found that for an increase 
of 10 ft. in the gauge height at Tuma there was a lowering of the b*d of 
about SO ft. This was where the river was flowing in a straight and un- 
impeded ohannel. It is not possible to say how deep it would acbnr 
in a sharp bend. It woiild be deep enough, however, to undermine and 
destroy the levee, regardless of any rip-rapping wbic^ might be on its 
face, or any rock which might be hastily dumped into the river. It 
is the writer^s belief that this is a serious menace to the Imperial 
Valley. The fact. that the river channel is now. practically straight for 
about 4 miles is almost proof positive— bearing, in mind, the idibsyn- 
crasiaa of an alluvial stiean^ — that it will nof remain in that cmidJticHi, 
vejT Ipng,. Whichever way the bend may start, the: coirent will spon 
be attacking both sides, as it will rebound from one bank to the other, . 

R. H. FottBES, Esq.* (by letter). — To thosawho know the Cojorado Vr. 
River, and who in a oaeasure realize its eccentric and unmanageable °' 
obaracter, Mr. Cory's account of control wort in the Ddta is rendered 
d(Tubly interesting by that which the- reader may find between the 
lines. For, in proportion as the wofk was difficult, original in methods 
adopted, and spectacular in its accomplishment, Mr. Coiys account 
is unassuming, matter of fact, and quietly scientific. Of the errors 
n:iade by various agencies that in some way touched the reclamation 
of the Delta, he is most uncritical, 

■ An observer of evente along the Colorado from 1906 to 1912 could 
not but be impressed by the efficienoy of the Southern Pacific Eail- 
road organization, with its ready attd varied resources, its personnel, 
and its esprit de corps, in dealing with the situation. Jfot the least 
factors in a successful outcome were the democratic and friendly rela- 
tions that existed between Mr. Epes Kando^h, Mr, Cory, and others 
of the management, and the. motley crew of Americans, Mexicans,, and 
Indians whose confidence and loyal support they commanded to a 
remarkable degree. 

Of the colossal and..utgent nature .of the task, the .ad^orse weatiiet 

• Director, 'Agricultural KipeHmeot BtatSoO, Univ. Of Artama, TnoBon, Arl». 



by Google 



J514 MSOCBSION ON IBEIOATION AND BIVEB CONTBOL 

B^^ conditione, the experimental oharftcter of the work, the conflicting 
advice received from influential sources, the diplomatic complicfttiona 
with Mexico, and the flnancial entanglements incident to the under- 
taking, Mr. CoTy's own acoount ia sufScient evidence. 

la Dr. William F. Blake's account of the region, written ahortlf 
before, hie death, he relates the discover; in 1863 of SaB Qoi^ono Fage, 
through which the- Southern Pacific. Bailroad was built about twent;^- 
fire joars lat«r, and deeciibes the descent of hia part; into the old 
lake bed, below the lev^ of the sea. 

He also outlines the topography and geology of the region, describ- 
ing the lacustrine deposits, the fossils, the salt beds, the nlud volcanoes, 
and to B<Hne extent the vegetation of Uie basin. He points out the 
manner in which the sediments of the Colorado, the tides, and rising 
land levels finally cut off a. portion of the ancient Oulf of California, 
and desecibee the old lake Oabuilla thus formed, with its beach lines 
aud ita fluctuations in level as. the river flowed to onte or the other side 
of its delta. He enen relabea the Indian traditions of the fonner ex- 
istence of this lake. 

Most' interesting, however, are Dr. Blue's quotations from his 
reports to the War Department in 1855, in which be points out the 
fertility of the Boil, and the possibility of irrigating the region by a 
canal from the Colorado. He even states the danger of overfl6w through 
such a c^al and the rolling of the ancient lAke. The following words, 
quoted frtan the old report, have prophetic value ; 

.. , "From the preceding facts [relating to soils and vegetation] it 

becomes evident that the alluvial soil of the Desert is capable of sus- 
taining a vigorous vegetation." * * * "If a supply of water could 
be obtained for irrigation, it is probable that the greater part of the 
Desert could be made to yield crops of almost any kind. During the 
seasons of high water, or the overflows of the Colorado, there would he 
little difficulty in irrigating large areas in the vicinity of New River 
and the lagoons. By deepening the channel of New Eiver, or cutting 
a canal so low that the water of the Colorado would enter at all seasons 
of the year, a constant supply could be furnished to the interior por- 
tions of the DeaerL It is, indeed, s serious question whether a canal 
would not cause the overflow of a vast surface and refill, to a certain 
extent, the dry valley of ;the Ancient Lake," 

Nothing is wanting here but a suggestion for the control of the 
river, as detailed in Mr. Cory's paper. 

■ It is remarkable that a man in his early twenties, inexperienced in 
irrigation, and traveling for the first time through desert country, 
should have estimated so accurately the possibilities and liabilities 
of Salton Basin, fifty years before the development of the region. It 
seems that, until recently. Professor Blake's was not only the first, 
but thecJearesti general conception of conditions in tbe Delta. Others 
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lttT)s promoted the irrigataon t£ tiifi-BoBiiL, and some have, realized Kr. 
the possibiUtj' of a break-away; Imt, until 1905, additions. to knowl- 
edge of thd Eegion .wen mostly supplementiiry ta Frofeasor Blake's 
dcBoriptioits. 

If one mS7 }ook for useful susgeations in t^a oonnection, attention 
m^ ba called t« the.ueceesity.for:* cn-ordinatad study, by tbe proper 
ageaciee, of onr great physical. prpblems, such as tbe utilization of a 
great river, and .the pnqter oontcol at all times of operatiouH affecting 
the .&ial solution of suclt a pcoh^eQi. The "pork-barrel" method of 
handling. river impn^ements from the governmental side, is admittedly 
desultory and wasteful; and it is to bo fisared that scientific, agencies 
engaged in the atudy of tiiese ssjne problems, as. a rule, ,ue .not well 
co-ordiaat«d. It may be-thst the Colorado .has draws attention to 
these facts, with, corresponding, advantages: to «oine. The JEfewlasds 
River Begulation Bill, now before Congrees, wiU make possible & oom- 
prehen&ive study and derelcvment of the Colorado River as a wbole, for 
storage, powWy and iixigatioa; and the Cai:n^« Institution,, oa . the 
purely scientific side, ia soon, to ptibluh a coU^ction of scientific papen 
relating to the Delta region, among «bich will appear Professor Kahe's 
complete paper. 

K. B. Bock, i/L Air. Soc. C. E. (by' letter).— "Hie writer has read Mr." 
Mr. Cory's paper, aa well- as several of the discus^ous thereon, wifli *''*^ 
great iriteieet, but is foroed to a view radically difEer«it from that of 
Mr. Sellewregatding the propriety or adviaability of incorporating in' 
such an engineering paper so mu^ collateral matter of legal, financia), 
and (he might hav« added) political ^^aracter. 

Mr. SeUew says : 

"The reoord of the, operatiraas incident to the return of tbe river 
to its former channel is extremely complete,, although partb obscured 
by a mass of legal and ■financial entangkments which propeily have no 
pla<* in si purely engineeWilgflrtiele." ' 

Though it may have neceeaarily taken a longer time in the relating 
tlian the casual reader, in quest of purely technical knowledge, may have 
desired, one of ; the principal features of interest and Ttdue to. the 
writer in Mr. Clory's paper is the. graphic portrayal of ..the desperate 
odds which engineering talent and efiort are pften .forced tomeet, as 
a result of long-rpnge financial management,- clpggiog legal compli- 
cations, and the blind, selfish play of the political, game.. 

Engineering work is now controlled ,by, forces far beyond ti»e laws, 
of .physics, .and, if he would oec-upy a position to .which his :techniGal 
talents, properly; entitle him,, .tbe engineer.. must ;iearn somethipg of. 
these forces,,. ■ , ■ ^ ').■ .;..., .. 
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In the wtitew's oiHnioii, Ur. Ooiy is to be commended nitlier Ann 
' criticized for deTottof so much attentim to Uk conditions in qnestion, 
for he has certaial; thrown li^tttwi smne dark places, and has ebown 
how vital it is for engineers to consider, in their planning, the lam 
and habits of taen and money, as well ae the laws of Natura 

The Lower Colorado is not raerelj a pMblem of yesterday, present- 
ing a vague general moral. It is a vital problan of to-day and to- 
morrow and of years to come. It will probably take a place alcmgoide 
the Lower iUissisaippi River aa another engineering problem, dragging 
oot a long, weary, and costly existence as a reanlt of Qovemnwnt 
incompetence and political selfishness. 

Of coarse, Mr. Cory's ' paper can affect but little the thns far 
meager results of mighty efforts to control the Colorado, but it should 
have a marked effect on future efforts, if a reasonable amount erf inteOi- 
gence is to direct ttiese efforts. 

If Hr. SelleVs apparent views wera shared by the PublicatioD 
Committee, We would have no papers such as those on water laws and 
valuation of public utilities. The importance' of these and similar 
collateral subjects, the writer feek, is growing to be more and mote 
appreciated from the engineering point of view. 

F. T. EoBaoN, Assoc. U..AK. Soc. C. E. (by tetter).— Under tlie 
'' heading, "Balton Sea", the author makes two stsit^ments which aM 
quite, noteworthy, .and not to have been espected. The first is that the 
land uncovered as the sea recedes is being cu^tivat«d with ^twe 
sitccesB, add presimiably with no preliminary treatment to remove 
soil alkalinity. This is the mi^e ngnificant because, before the for- 
mation of the sea, this land bad an alkalinity so great that it was 
condemned by the soil surveys of the United States Department of 
Agriculture, mentioned elsewhere by the author. The soil alkalinity 
of this part of the desert is in general greater than throughout the 
portion first cultivated and for which tl^e . In^terial Area Soil Survey 
was made. Since then it has been covered for from 1 to 6 years by 
water which, according to Tables SO and 21, was in 1907 more than 
one-tenth as high in soluble solids as ocean water' (and generally 
siihilar in the proportion of the various eleiuents), and is undoubtedly 
growing constantly stronger because of the submerged salt beds, 
Nevertfaeleas, independeiit inquiry confirms the statement as to the 
successful cultivation of the land which is being eiposed. 

The other interesting and surprising statement is that the gross 
evaporation from the sea is only 6 ft. per annum. The writer has 
also taken the trouble to cbeftfe this figure — and bas found that it should 
be only 67 in.— and in doing so he bas ■(Sollected some information 
bearing on this point which it is tbou^t will be of interest 
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The opportunity ofiFered at the Salton Sea foe etreftil dotenninatioti 
of gross evaporation from lar^ areas of watw a-aiiaoe, and the rela- 
tion of this evi^oration to that from small pans and eraporatora, was 
reeogTiiBed by the offlcriiUs of the United States Weather Bureau, and 
from Oetob», 1D07, to ^e end of 1910, a large amount of work was 
done there. 

Sjwcial studies of evaporation loss from the aurfaces of lakea and 
reservoirfl were begun by the Weather Bureau, under the direction 
of Professors Bigelow and Marvin, at Keno, Nev., about August lat. 



1907, the main headquarters being transferred to the Salton Basin 
near Salton in the following October. Observations were also made 
aimnltaneously at tiie near-by points, Indio, Mecca, Mammoth, and 
Brawley, and at the following distant points: Phcenix, Ariz.; Eagle 
and Oarlsbad, N. Mcx., these being at low elevations iil these States; 
Mitchell, Nebr.; Howell, Wyo.; Rupert and Boise, Idaho; Hermiston 
and Klamath Falls, Ore.; North Yakima, Wash.; Fallon, Nev.; Lake 
Tahoe, Cal.; on the Bocky Mountain Plateau up to an elevation of 
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6 000 ft.; Birmingham, Ala.; OiBeinnati> Ohio; Tupper Lake, N. T.; 
' and Lockport, IlL, in the districts east of the Uissiaaippi Biver. Moat 
of the weatem points selected were stations of the TJ. S. Beclamation 
Seirioe, and at most of thcon evaporation obaerrationa were taken at 
2, 6, and 10 A. u. and at 2, 6, and 10 p. m., though in a few oasea ob- 
servations were taken only at 6 a. m. and 3 p. m„ which were found 
to be about the time of minimum and maximum evaporation, re- 
spectively, and from which, it has been shown, very accurate results 
can be obtained by taking the mean values. 

The final bulletin on the data collected and the condusionB derived 
therefrom, thongh promieed to be issued in 1911, baa not yet ap- 
peared. It ia hoped that it will not be much lor^ier delayed. How- 
ever, Professor Bigelow has given a summary of results and deduc- 
tions in a preliminary report.* This preliminary atat«ment does not 
contain the ohaerred data; which, however, are abstracted by Professor 
Bigelow in ihe "Abstract of Data, Ko. 4", issued by the Weather 
Bureau, being "A Provisional Stat^nent Begardiug the Total Evapo- 
ration by Months at 23 Stations in the United States, 1909-10". 

The preliminary experiments at Reno indicated that a large body 
of water loses only about seven-tenths as much as a small pan set 
in a dry place outside its vapor aheet. The further experiments in- 
dicated the loss to be near 66%, in the opinion of Professor Bigelow; 
and the results at the Salton Sea, properly corrected, in the writer's 
opinion, indicate the proper coefficient to be still lower, namely 60 
per cent. This relation, from the practical point of view, is the most im- 
portant fact brought out in the work at these various stations, particu- 
larly in that at Salton. At this point four towers were built : No, 1 about 
1 500 ft. from the water's edge, No. 2 near the Southern Pacific trestle 
over Salton Creek about 500 ft. from the shor^ No. 3 j mile west, in 40 
ft. of water, and No. 4, which is 120 ft. high, l<k miles west, in 55 ft. 
of water (d^ths in 1909). These towers, though made as stiff as 
possible, were found to have a slight vibratory motion, even in quiet 
weather, and hence the water in the evaporation pans required to be 
damped in oscillation by submerged partitions. 

The important results, as given by Professor Bigelow in the pre- 
liminary report referred to, are; 

. 1. — That the wind velocity was so different at various heights, 
0, 10, 20, 30, and 40 ft. above the ground — amounting often to 30% 
less at the ground than 10 ft. above — that every evaporation pan must 
be supplied with its own anemometer wherever evaporation observations 
are made, whether on land or on large bodies of water. 

2. — That pans of different sizes evaporate at different rates, and 

• kontbZy Wtather Sevieic. February and J ul/, IBIO. pp. 807 aod ilSS, " StuillOB on the 
nieiiooiena of tbe Evaparatlno at Water over Laieg and BemcTalra." 
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diese rates were toMnd to vary approximately as the expreBsion, 0.023 Mf- 
(1.23)", where n has the foUowing Values: 

» ^ loi large open-water aurfaces, 

ft ^ 1 for 6-ft. paju, ,, . 

» s= 2 f or 4-ft. pana, . ■ ■ ■ . •■■ 

jv = 8 for 2-ft. pana, 

n ^ 4 f or on^ary dry air. 
Thia variatiop se^na to be due t^^ the banking up of the vapor on 
the leeward side under the action of the wind, and because the small 
pan. clears much more completely of vapor, and eyaporation takes ^ace 
into a mixture of atr of different contents according to the aize Xft. th4 
pans and the force of the wind- 

3. — The formula finally suggested by Professor .Bigelow is (eg; ■; 
units): ... i ■■'...■ - ■■ ■■ 

X = C,J^'(i'+0.070-TF),'. ":"".' [' 

where E^ = Evapora|tiMi in 24 hours (one day), in centimeters; 
0,- = Goefflci^t, found to be 0.1S8 (I.23)»; 
e^ == Saturation ' vapor pressure tit temperature^ of the water 

'^rface, deeignated by «; 
eg = Saturation vapor pressure ' at temperature . of the dew 
point in the air near the water; . ■■ ' ■ 

e == General ^Tnbol representing vapor pressure; 
"E ^= Generfll symljol representing depth of evaporation,; ,_] ' . 
— = Expression for the gradient (use Crelle's table*); : 

■■■ * '■ ■ "■ '■ 

, ■ -g V =3! Expression represMltiiig the ehwige of' vapor ■preasui*! 
with temperature, '4, taken. This ijnantity ts ineiel^ 
'the labular differenee in ordinary vapor presaiir6 ta- 
bles at the' temperature und^r coiisi deration (oSe 
. Manual :Tja>le V); 
W = Wind veboity^ in kiiom^ets par hour. 

It,.is proposed to substitute this formul* for that now.in. fCDeral use, 
which was proposed .by.Dalton in, 1803 .a»d may be wiritteii.pSifqllo^e^ 
(same notation):- , i ■ . .;'■.., 

^■■■- ■'^f?'cf^-0^ci'+:'<w),' :';■■■■■ ■'.■ ;■■■■; 

where (, ^^f time,,Bnd Cand aaupposed by constant , terms, ■ 

or ffj = .Q,036 (1.23>» iM-.— ei) (1 + 0.070 IF) uBing the jraUle*. 
; .of 'the,f9Mist^t« deduced frotn :these.ezperimente ait 
Salton. 
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Hi-. 4. — That water in pans of the same size eyaporates at the stone 

^■^ rates at 4000 ft. elevation as at sea. level, and hence the formula does 
not contain an? barometer presaure term. 

5. — The recommended fonhula has no annual period In the C^ 
coefficient; the diurnal period is very small. 

6. — A pan of very fresh water was allowed to evaporate alongside 
a pan filled with brackish Salton Sea water, which was gradually 
concentrated by adding water from the sea from NQ.vember to Ma; 
without emptying the old wateri The brackish water evaporated a 
little'alower than the fresh wflter,to the amount of 2% in April and 
May.- ■-■ 

7.— ^The actual' fall of the Salton Sea level from June let, 1909, 
to June iBt,' 1910, wad Bl'in.; aiid 'Professor Bigelow estimated that 
the rise was 12 in. due to inflow from the Alamo and New Rivers, and 
there were 8 'in, of ■ accretions from annual precipitation, raakirig a 
total gross evaporation of 69,0 in. This total checked with resulla 
computed by formula ^jom observed data neceBsary, 

8. — Practically, it was the conclusion that engineers would neces- 
sarily have to adopt a standard pan and reduce the observed readings 
to the open-water surface, a^ explain^ above. Thus, the evaporation 
fnjm a 4-ft standard pan, when corrected for tanperature and wind, 
aiid multiplied by 0.66, is' very close ,to what observation suggests. If 
a water thermometer on a small raft in the lake measures «„. and e, 
and e^ ate'detennined by using a sling psych rometer, through t and 
(,, and the wind velocity by an anemoipeter as near the water surface 
as possible is W, then C ^ 0.138 for a 24-hour interval. In the for- 
mula, the mean values taken at readings made about 6 a. m. and 2 p. m. 
should be nsed. ■ 

The writer has checked the estimates of Professor Bigelow as to 
the inflqw from the Alamo and N^ew Bavers, and the increase due to the 
MiBfall and run-off from the water-shed, from all the available data 
(of which CMisidwahly I iBore exist now than when Professor Bigelow 
did hiS'Work). It-is known that there are no springs or underground 
sources of supply discliarging into th9 b^ini becansey until very recent 
years, the sea contained^- oo vmtatu And salt beds in the bottom were 
reirularly mined. The rainfall is very light, consequently the run-oft 
is amalL rrom the time when the Colorado River was finally re- 
diverted (the middle of February, 1907) to date is 6 years, and it 
seemed to the writer that the results should be checked to obtain an 
average for this entire period, rather tium for the year from June Ist, 
1909, to Jvme Ist, 1910, which was taken by Professor Bigelow. 

In determining> tile inflow, it is possible to Utilize the sea itetM as 
R lairg« measuring tank- in which to measure the Combined rainfall on 
Ae water: surface and the nin-off from the drainage area due to rain- 
fall — proper correction being made for the regular inflow from the 
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Alamo and New Rivers — bj using the dailj gauge heigbta or elera- 
tiona of the water surface. 

Ab a first step in obtaining the average evaporation for the entire 
6-year period, the difference in elevation of the water surface on April 
let, 1907, and April 1st, 1913, was founc 

If, then, (1) the total precipitation 
total run -ofi info the sea, plus (3) the t<: 
New Bivers into the sea for the same 
ft., the result will be the total loss due to 
considered as of no consequence. 

a. — The writer prepared a tt U for each ttionth of 

each year, as observed at Brawle; , Imperial, Mammoth, 

Mecca, and Salton, all these poii he drainage area and 

fairly well distributed. It was tl he total rainfall at all 

these stations, divided by the i lB, would give a fair 

average of the precipitation on The total thus found 

for the 6-year period was 16.59 in. or 1.38 ft. 

h. — A table was then made showing the decrease in elevation of 
the water surface for each month of the period, and the decrease 
for ea?h month was compared with that for the corresponding 
month of the other, years. It waS' found that the decrease in one 
month compared very closely with that for a corresponding month 
in another year, except in cases of utiusual rains or other known 
causes. Eliminating these months, a total was then made of those 
remaining, and the result was divided by the number of months com- 
prising the sum. The average thus found was assumed to be the 
normal average decrease for that month. Sufficient amounts, corrected 
for excessive rainfalls toi the sea Itself, were added to bring the elim- 
inaWd. months up to the average^ and these additicHts were cAnsidered 
aa the run-off or inflow due to precipitation. This total was 15.00 in;, 
or 1.^5' ft., for the ^-year period. The leoults obtained by this method 
were checked by ezamtnatiom' of the daily precipitation records for 
these rariouB Weather Bureau Stations.. In such' desert country, 
where the rainfall is scant, that which does oceur is frequently in 
intense storms or in local cloudbursts. Monthly records, therrfdre, 
are of little value as indicating the probable run-off, and each atorm 
at each observation station must be considered, instead of the monthly 
totals. Only two or three heavy precipitations extending over the 
entire water-shed occurred during the 6 years, the heavy rainfalls 
usually being rather local in character and in the nature of cloud- 
bursts. The total number of such heavy precipitations throughout the 
period at all those stations, however, was surprisingly small, and the 
daily gauge heights of the sea surface for several days was carefully 
examined in connecticni with each of these heavy rains. In this way 
a very good check .was obtained on the foregoing method of deter- 
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mining the total' inflow into the basin from its water-alied — exclusive 
""■ of the New and Alamo Kivere. 

c. — The discharge of the Alamo and New Rivers Las been observed, 
and a rating curve has been applied only for a period from June, 
1909, to October, 1910. Based on the records publiahed in Water 
Supply Paper No. 300, and from information kindly given to the 
writer by Mr. Cory from his personal recorda, the following rLses in 
the elevation of the lake surface have been determined, and are be- 
lieved to be very close to the truth. 

To January let, 1908..,. (1.62 ft. 

From January lat, 1908, to Januai? lat, 1909.. 0-65 " 

" " " 1909 " " " 1910. . 0.6S " 

" " ", 1910 " " " 1911. ...0.71 " 

" 1911 " " " ,1912.. 0.76 ". 

. « " " 1912 " . ," " 1913.. .0.78 " 

Total ..: 4.19 ft. 

To aimi up, tlwn, tJie evaporation has been as follows: 
Loaa in devation of lake, as shown by gange heigfate. :. . 26:10 ft; 

■ (1) Total rainfall on lake -surf aee. .........; 1.38 " 

(2) Total ^u^-ofi from rainfilL: ..;;.. 1.25 " 

<3) T«tal discharge from Alftmo and New Rivers 4.1ft " 

Total evaporation, April 1st, 1907, to April Ist, 1913.... 32.92 ft. . 
or a yearly average of, .... :. ,. , , , . , 5.58 ft. . 

, or ......': ,,:...,,..,...;..:...;......'... 67.02 in.. 

as compared with 69.0 in., the total groaa evapotatioti found and ea- 
timated by Frofeaaor BigefewfOr -the 1-yoar period, Juno lat, 1909, 
to June Jst, 1910. 

Table 31, containing observed data at Salton Sea,- la taken from 
"ALstxact of Data, No. 4," by Professor Bigelow* rrforred to^re^onsly. 
The figures for Noa. 1, 2, 3, and 4, for March, April, May, and June, 
were interpolated fiTom curves plotted from records 6i previous yeus, 
and found by. experience to give okaeresults;. 

At &e statioT]9 outside of:. the vapqr sheet, at which obaervatioiu 
were taken, for :a 6-ft, pam' da the ground, the total eiraporation ob- 
served was: . 

Indio :..:....:■.... llfliSs' in. . 

Medea :.....::.... V.;. ;:.;... 167:81; « ■■'' 

■ 'Bralvltiy ..'. ■..'.■;;.■.■...."."'.;■ 'Kft'.BB ' " ■ ■ 

■ Mammoth ................... .12fij;3 * . ' :' 

Total ■■.....:■ ;..v.:'.;; 48e.i22 in. 

Average:....'. i i .■.'./ 114.055 « '' ' 
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■gj^ The total evaporation, as determined by the writer, was 67.02 in. 
' Hence the coefficient to be uaed in converting: the observations from a 
6-ft pan on the ground outside the vapor sheet, and in a desert country, 

to the total lose from a large water surface, seems to be — — -—7, or 0.5d, 
or, say, 0.6. 
Mr. Andrew M, Chaffey, Esq. (by letter). — Careful reading of Mr. 

Cory's paper leaves the agreeable impression that he has sought to be 
fair and unprejudiced in handling a very complicated subject. Two 
other publications dealing with the Imperial Valley project have ap- 
peared, one mentioned by the author*, and anotberf' consisting of short 
monographs by settlers, promoters, etc., gotten out by E. F. Howe, 
editor of the Imperial Valley Press. Both are rambling sketches, 
rather than histories, unsystematic, full of inaccuracies, and partisan 
and misleading statements, and hence untrustworthy and unsatisfactory. 
Mr, Cory's paper, therefore, is to be regarded as the first, serious 
history of Imperial Valley, and will unquestionably be heavily drawn 
on by future writers. ' It is most fortunate, therefore, that it is being 
fully discussed, its inaccuracies pointed out, its eiigineering and 
historical matter supplemented by those qualified to do so, and, more 
particularly even, that several of the facta brought out by the author 
may be gathered together so that the reader interested in details may 
not fail to catch their true significance. 

The writer was associated with his father, Mr. George Chafiey, 
in the management of the project from April, 1900, to February, 1902, 
and, for more than twelve years, has been collecting original documents 
and data- relating to Imperial Valley. To these, doubtless much the 
most complete in esistence, the author, unfortunately, did not have 
access, due to the fact that, curiously enough, he and the writer did 
not become acquainted until after the appearance of this paper. 

On page 1251 the author states that the first practical step toward 
the irrigation of the Colorado Desert was the incorporation of the 
California Development Company ijn 1896. The writer feels that this 
is exceedingly misleading. Incorporating a company with large capi- 
tal stock, appropriating vast quantities of water, by posting no- 
tices and recording the sam^, all at most nominal cost, acquiring 
options for small cash payments, getting out reports setting forth the 
merits of a project, and hawking the scheme about in financial centers, 
cannot rightly be considered as "practical steps" toward carrj^ng out 
any enterprise. It is just thia sort of "shoe string" promotion which 
Mr. Mead doubtless had in mind when writing his discussion Ion this 
paper (page 1509) and pointing out the folly of letting irresponsible 
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otn^ttnies ^o ahead 'withcnt any piibMo aupeTTiaian> wluitflOOTer. Ontbe Ur.' 
eontvarf, the firet ''practical 8t«p" was taken when Mr. Qeoige GbaSey '^"™J'- 
•igned tbe aontract (April 8d, 1000) to build oanala into Imperial 
Vallpy. iiaaj readers trf the paper wiU undoubtedly get the impresBibn 
from it that the Oalifomia DereL^inent Company was at such time a 
going nmeemj and that its promoten bad already produced tan^ble 
reeulta. Ae a matter of faot, though it had been in exiiteace nearly 
four yeu^, H lutdas aseeta the two options on land-*— one in Ifexico 
and one in:Calif(K^a — mentioned 'by the author, as fo eaefa of whidi 
tho Company wea in d^olt, and an idea, a project of large and at- 
tractiv« pioportiona ob vbicb not one shavelful of earth bad been 
tumedi and towaxd the consummation' of wltick not one single practical 
step had been taken. Its obligations, aside from its: oqiital stock, 
were various, debts, aggregating a considerable sum, and SSfiOOOO worth 
of . wbfit was x^lled laud sorip — issued v^ot to . 1900 at 10 cents on the 
dollar and' diesipstedia promotion expenses — which was retired at 
face T^ue in cash or in exchange for water stook o| t)ie various Mutual 
Water Companies At market price at the most inopportune time, 
name|7> iv^ before the water distributing system was completed in .tbs 
valley. 

The ctrntr^ct rpQited that the California SevelopmeBt ContpaHy 
owned, through; a subsidiary Mexicaii Comply, . 100 000 acres .{MF; land 
^i. Mexico.' tbrou{^ which the canal muat run.. But .for this .r^tesentS' 
^on (which tumed out to be untrue) the. contract would assuredly 
not have been made. The idea in reality . was free to Mr. ChaSey, o.i 
to any one else, for th^t matter, Indeed, Mri Chaftey, at the request 
of Dr. Wozenoraft, had coneidered the propositioa in the early £ighties, 
before the later promoters had even heard of it. 

To say, thorefoje, that at this date (April, 1900) there was a 
"practical change of managementi" that the engineering policy changed, 
or liat "original plans were not carried out," is to create an absolutely 
erroneous impression. To quote Mr. ChaSey himself: 

"I saw a way to accomplish the object with the means at my com- 
mahd by disregarding the Eockwood Survey altogether, adopting an- 
other line by which the bank of the canal would be inadeto serve as a 
levee to prereMt the flood watert of the ' Colorado from finding their 
way into the Alamo, and utilizing many miles 'of that natural chann^ 
for the main canal." 

This contract of April Sd; 190O, provided tbat Mr.- Chaftey was to 
constriict such canals as were necessajy for the purpose of taking water 
from the Colorado . Si ver just above the Mexican bonndsry line to 
where the central main canal intersects the same boimdaiy line in 
Imperial .Yalky, "said canals to bsve a capacity suffioient to deliver 
four hundred tbousand acre-feet of water per annum at said laet- 
named poist" ; thkt no more mone? should be expended "than is Qecesr 
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uty ia such eonutructioii"; that the constructioii coat of such -cumIa 
should not. exceed' $150 000; that such constroction was to be "at aetasl 
eoBt to first party"; that Mr. Ohafley was to receive tl2 000 per ainnum 
aalaiT for five yeai^ payable when the Oompany was. able to pay i^ 
and one-quarter of the Oompanys capital stock ; aiid that he alranld 
have charge of the Conipany'B fbumce» as wdl as its engineering works 
during that period. 

It is felt that the foiegoiug abstract of ^is contract will suiSce to 
indicate clearly its faimesa, to say the least, to the Cktmpany: 

From this date until the contract was terminated — April 3d, 1900, 
to February, 1903 — Ht. George Chaffey and' associates furnished the 
necessary money, and,, dividing the engineering responsibility with no 
other person, designed and built the diversion works and located and 
constructed ' the ' main canal— ^including the O^itral Main west of 
Sharps Heading and in the United States — ^as it exists to-day: During 
this' period he was assisted in the business management, in planning 
the system of Mutual WAter Companies — which system, by the way, 
the author to the contrary notwithstanding; ' tlie California Supreme 
Court, in tie case of Thayer ii«. California Development Oofflpany, 
has recently not only held to be legal, but has highly commended-^ 
and in making the tri-party contracts, by the writer and by Messrs. 
L. M. Holt (who *ith Mr. Chaffey evolved in 1881 the first Mutual 
Water Company fevef itieorporated, at Etiwanda, Oa].), N. W. Stowell 
(who was the first to introduce concrete water 'Conduits' to irrigation 
construction in California in 1878, and who had laiige experiettce with 
irrigation works), and J, W. Swanwick, who was lately responsible 
for the tri-party conttacts. 

A great deal has been stated in the public press and in governmental 
reports — and Mr, Mead in bis discussion (p. 1509) might easily be 
understood by the eareleas reader as coinciding therewith — condemning 
the California Development Company as an irresponBible corporation 
at all times prior to the Southern Pacific Company's taking over the 
management in Tune, 1905. This was far from being true during 
the period when Mr. ChaS^ was directing its affairs — April, 1000, to 
February, 1902. The men just mentioned were those he associated 
with him; all except the writer were unnsujdly experienced in the 
different phases of irrigation work and developmait, and financially 
able to buHd the cantd. Mr. Chafiey himself was a man of wide 
experiencie gained in the practice of his professiMi of Civil mi 
Mechatiical £ngineer. Best known as the founder: of Ontario, CoL 
(1883.); ho had founded Etiwanda, OaL (1881), a^ had developed 
the irrigation systems in both ^aces to alich a state that the visit of 
a Boyal Canmiisfiion f rom Australia in 1885, resulted in his proceeding 
with his brotlier tothat codntry. and estabiishing the irrigation dis- 
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tricte of Mildura and Beiuiurkj botb at this time pt^niloug and pros- 
perous coinmunities, conceded by all public men to be "the great object 
leesos in irrigatioD for tli» rest of AuBtralia." In 188S Ur, Ohaffey 
produced the fint electric current (generated hj water-power) ill 
Southern California, and in 1884 lighted the City of Lea Angeles with 
electricity, A large number of the first settlors in die Imperial Vall^ 
were actually from Etiwanda . and Ontario; aU were experienced irri- 
gationista, and it is safe to aay that dQ% of them made Uieir purahasea 
because they personally knew of Mr. Chafiey's previous succeiees. 

The writer, of course, agrees with Mr. Mead that the State or 
Xation should protect settlers on and investors in irrigation projecta, 
examine and approve engineering plans, etc, etc., and especially he 
agrees with his commenta regarding water right laws, the unfortunate 
condition of which is responsible for moat of the financial disBBtera 
which have overtake irrigation enterprises in the West, and of which 
the California Development Company is, perhv)B, the Most notable 
example. At the same time, it must be admitted-lhat the latest and 
most rapid irrigation development the world has known is that respon- 
sible for what is known as Southern Californiai and the Government — 
State and Kational — in no wise helped and not seldom added severe, 
handicaps. It U. s<«ufitimeB .said: that Southern California has been 
built pn "shoe 8trjnga"rTToertainly, many-of its most aucoeasfur enter- 
prises have been. started with inadequate capital, on confidence in the 
proponent's resourcefulness. Under such conditions, people are '^ve 
wires" to a degree beyond the «on)preheusi<Hi of 0$ciala and employees 
of powerful co^ratioss ^d of the State and IJational. Governments. 
Much of the resentment toward, and often, unfair criticism of, the U. S. 
^Reclamation Seryipe, by owners end offieiala of, and settlers under, 
private irrigation undertakings had its beginnings in the attitude of 
those who neyer need to consider, for an instant financial arrangements, 
discounting securities, eta, toward "flimsy" work and lie .twists and 
turns of men driven to. their wits' end when doii^ things with^ insuffi* 
cient oapitaL It is well enough to say "Don't try them if you cannot 
get enough money to insure success." Such a policy would undoubt- 
edly prevent not a few failures; but, on the other hand, by it the Sootbr 
etn California of to-day would not have been for decades to come. 

The Imperial Valley is possibly the moat striking example of this,. 
In the first place, if the soil had been first e^'amined by Government 
experts instead of by practical fanners, the project : would have been 
co^idemned. in toto and the region still orii^nal . desert Next, work 
was begun with small capital in hand, and ii) 10 months' time, 
and, at the cost of leas than $1Q0 000, - Mr. Ohaffey put water into tha 
burning desert 60 miles away from the Colorado River, and along lines, 
engineering, legal, and financial, which experience shows would have 
meant large success to aD (had!the Government tinly kept ita handa. 



by Google 



1628 DISOUSeiON ON ISBIQATIOH A.N& RIVBR OONTHOL 

off), and by doing so realised the TidftiiB of the dreamers and the hopes 
'■ of the promoters who for haK a century had dreamed and promoted,- 
and accomplished nothing, In less than 2 years, the Imperial Main 
Ganal,- essentially aa it is to-day — except the $7SO00 head-^ate' at 
Andrade — and more than 400 miles of distributing ditches^ Were com- 
pleted and tJie water was ready to turn on- to 100000 acree of land, 
at a cost to the settlers averaging less Aan 91{' an acre; and the capital 
at hand was less than the promoters had expended in the hitherto vaia 
effort to get started. 

In contrast is t2ie Government Tuma Prcqecti with unlimited 
capital: $3 000 000 initial appropriation and more than $3 000 000 
later; time, 8 yeara; acreage, 100 000; cost, $70 per acre; bitter disap- 
pointntent and heavy loss to settlers relying mi Goremmeot estimates 
SB to money, and, more particularly, time requiiedto complete the work. 
As a part of the Yuma Project, Imperial Talley would now be in ex- 
actly the state it actually was in l$02->— eleven years ago-^-as far as 
development is concerned. In the meantime, in 1905, it was sending 
ont $5 000 000 worth of products, and at present rabr6 than $10 000 000 
worth. The gain in time has more thftn paid all the real damage 
per te done by the runaway river. 

As the author has pointed out, this misfortune would never have 
occurred had it not been for numerous unnecessary and inexcusable 
obstadea. For some of these there ia piMSibly some excuse, or at least 
explanation, but the soil survey and r^ort was the most disastrous 
and inexcusable of aU. The space devoted to it by the author in his 
paper is out of all proportion small compared to' its significance, and 
the facts about it should be elaborated somewhbt. ' 

As stated by the author, a few samples 6£ soil from this region were 
analyzed in 1893 hy the Director of the Oalifomia Experiment Sta- 
tion, University of California, Professor Hilgalrd, and again in 1896-97, 
and also in 1900, when the Imperial Land Company begaU active 
work. In the aiunmer of 1901, the Bureau of Soils, TJ. S. Department 
of Agriculture, requested the co-operation of the promotion companies 
in making a study of and report on the soils of the Imperial Valley, 
This was gladly given, and, on October 17th, Mr. J. Gamett Kolmes, 
of the Bureau staff, arrived and bisgan work. Later, his immediate 
superior, Thomas H. Means, M. Am. Soe. C. E., and others of the 
Bureau, joined him, and on December 20th (in fl3 days) the field work 
was completed. It took only 3 weeks (January 10th, 1902) tci issue 
a' preliminary report, "Circular No. 9," covering the 169 sq. miles of 
territory which had - been examined. Before this circular reached 
California, an Associated Press dispat^ from Washington advised 

"The condition of soils in the Colorado Desert in San Diego 
County, as disclosed by 'ai survey just completed by the Agricultural 
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Department in the vicinity of the new irrigation plant at Imperial, Mr. 
IB reported to be 'much more Berious than was anticipated.' This is *^™""y. 
the expression used by Hilton Whitney, Chief of the Bureau of Soils, 
in a preliminary bulletin which he bae deemed beat to issue by way 
of warning." 

Thia refers to the report which the author says was "unfavorable, 
• • * and calculated to deter sensible people from settling in the 
region," This is a more than conservative way to put this matter, 
as ia shown by the single extract — by no means the strongest of many — 
which the author quotes on page 1271. 

In 1903 the TJ. S. Department of Agriculture, Bureau of Soils, 
issued the "Soil Survf^ of the Imperial Area, California (Extending 
the Survey of 1901), Advance Sheets of Field Operations of the 
Bureau of Soils, 1903." This do<:ument, under the head of "Present 
and Proapeetive Development," on page 31, makes the statement: 

"The sole dependence of the people of the Imperial Area must al- 
ways be agriculture. « • • The source of wealth, therefore, is 
limited to the soil, and to a greater extent than in almost any other 
part of the country. Tbua the problem confronting at least a part oi 
the farmers in moet arid redone is here — where alkali is eo generally 
distributed in the soils and the conditions eo unfavorable to reclama- 
tion — about as serioua as it could well be, 

* • « '« »' ' • « . 

"The people of the Imperial country should recognize the fact that 
aside from the general problem of securing water for irrigation th^ 
have to solve perhaps the most serious agricultnral problem of the. arid 
Wrat H^re is found a moat refractory soil, much o£ it impregnated 
with alkali. The only way to benefit the land ia to cany away the 
salts. The application of gypsum cannot be of the slightest benefit. 
Little or no benefit will be derived from running water a'croag the land 
with the expectation of flushing the alkali off the surface. • • * 
The water must pass through tiie soil and find ready egress through 
natural or artificial drain^e ways. 

"The quantity of salt taken out of the sOU by alkali-resistant crops, 
such as soigbum and sugar beets, is not appreoiable, the b«iefit to the 
soil in such cases resulting mainly from . the prevention of evapora- 
tion at the aurfaoe through cultivation and from the leaching of the 
salts into the subsoil by irrigation water. If the subsoil be practically 
jree from salt, as is often the case in arid regions, this vertical dis- 
tribution of the salts alone is often all that is nec^sary so to reclaim 
the soil that sensitive crops can be grown. But it has been shown that 
in. the Colorado desert the subsoil is the greatest source of danger, so 
that every bit of salt removed should be permanently removed, • * • 
By far the greater extent of the soil of the valley is a sticky, plastic 
loom or clay, through which water passes very slowly. The natural 
drainage in 'the soil itself is very poor, and to be anything like adequate 
it must be supplemented 1^ artificial drains to carry ofi the ground 
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Mr. water aa the ealta are -waBhed down from the surface, * • • Tile 
™**">'- drains are the best and in the end the most economical for draining 
the land. They are, however, expenaive, and the question ia, will 
it pay? 

• * * « « « '• ' 

'^That it will eventually pay to drfiin these lands tlieie caq be litUa 
doubt, but in the pi«setit state of the country concerted action will be 
difficult and individual effort futile." 

In February, 1902, the UniTersitj of Oalifomia, College of Agri- 
culture Experiment Station, issued BuJletin No. 140, entitled "Lands 
of the Colorado Delta in the Salton Basin." This bulletin gave eeeen- 
tially the same results of soil analyses, but waa much more careful 
in its commente, and on pages SO and 51 gave crop reports from actual 
settlers which were excellent. It also stated, after giving a list of native 
plants from the Salton Basin, on page 44, as follows: 

"The list of plants here given is notable for the absence of most 
of the species considered elsewhere as prominent alkali indicators. 
We miss at once the salt-^jr alkali — grass (DisHchlit'i ; the 'Grease- 
*ood' of Nevada (iSorcoftattw) and that of the San Joaquin Valley 
(Allenrolfea) ; the samphire (^Saliscornea) ; and the tussook-^asa 
(iSpOroboiu* arioids} • • «. But as a whole the Collection made 
does not speak of 'irreclaimable' alkali land so far aa we know their 
habits. • * " Taken as a whole, the native vegetation does not alto- 
gether confirm the unfavorable impression derived from the leaching of 
the soil samples." 

In addition to these soil retorts, in January, 1902, several inter- 
views, written up in a sensational manner, appeared in the duly pa{>er8 
in California, practically condemning this Valley and virtually warn- 
ing investors and settlers from the field. These were the moat disastrous 
of all in their effect on the enterprise. 

Experience has proved that these reports were fundamentally wrong 
in their concIuBions, as less than one-half of 1% of the l^ds brought 
under cultivation has failed to produce most satisfactory, indeed, 
phenomenal crops. Nevertheless, the Government'^ publications were 
such that the author's statement: "It seems certain that, had the 
territoiy not been already settled in very large measure when these 
reports were sent out. Imperial Yalley would yet he unreclaimed" 
(page 1271), is undoubtedly absolutely true. 

The' author is in error on page 1264 in referring to the elevation 
of the bottom of the Ghaffey head-gate. This structure was started 
in March, 1001, »nd work was niahed, as rapidly as possible. When 
completed, its floor was S ft. b^ow the river bottom, and, to make the 
gate more secure, three 2 by 12--in. sand-boards were put on the. toe of 
the A-frame, to be removed when the sand and silt became settled 
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around the strtfeture; there was no heccBaity for wmoving them while MB-. 
Mr. Ohaffey was directing affaire, and, later everybody ' apparently *"'"'''''■ 
forgot about tbein and they were never taken out, the idea thua obtain- 
ing that the floor of the gate was at the top of the sand-boards when 
in reality it was much lower, and as low as it was possible to place 3t 
that season. Working at high pressure againet a rapidly rising river, 
the head-gate was finished, and Mr, C%affey himaelf turned the water 
-through it on May 14th, 1901. 

Before leaving this subject, and in view of the controversy that has 
raged regarding the necessity of tiie fatal cut in Mexico (made more 
than 2 years after Mr. ObaBef had severed his' connection with the 
Company), it is interesting to note, from Qcrvemntent records, that the 
old Imperial Canal, from the old intake, carried throughout the Sum- 
mer of 1904 and until October^ 1904, when the Mesican Intake was cut, 
mors water than ever before, and quite enough to supply the users in 
Imperial Valley.* 

The author's statement (p. 125B) thtit the initial price chained 
for water stock was $5.76 is misleading. Those who purchased duriilg 
the conatFuction period were given bonds of tiie California Develop- 
ment Oompany equal in ^^nouhla to tSieir initial payihents, bearing 
5% intoreet and acceptable at their f ac6 value for &e last installments 
on their^notes. Hence, those paying ^.00 cash on their water stock 
puTohaees got wat«r rights at $5;76 per acre. ' GUIS' £80 000, par 
valuer of ih6 bonds werethns giv^i out to wbter stock purchaBerson 
total sales t>f:50 000 abares in Imperial Water C<mipanies Nos. 1 aad 
4, the aet^rs coming in having so little cash and speculators bo little 
faith that th^ oould' not or would not take full advantage' of the 
opportunity offertd. ■ 

The author is again in error as to the reasons for the termination 
of the five-year coastruotion contract betweem Mr, Ohaffey and the 
Calif orma. iXlevolopment Ocmipeny. It was not because .the former was 
frightened . out by the soil reports, but becs-itse it was found that the 
power, of. attorney to vote, for five years, stock, whidi, with his own, 
constituted amajoritj and control, was found ineffective on account 
of the certificates not Jiaving been actually turned: oves. Success had 
been achieved. And 'the^e shares of stock b^as .oomiBg is for trsnaferi 
It became a mattec of buy. or sell, and the ori^nal. promoter's: idea 
of value mas. deemed to be too inflated, so Mr. Gbaffey made the beat 
tenOB possible for his htAilinga and wididrew in Eebruary, 1002. ■■;: 

The .author's, outline of the Delta Investmrait Campaby and its 
activities is fdao: misleading, and in some respects entire^ < 



'.See ''PMRTen Reporter StMam ManarenWDtg for tlie Calendar Yaar IBM." br The 
late W. B. ClBpp, M. Am. Soc, C. E., Water Supply and IrrtgaUou Paper Ho. 131. n. BT, and 
oompBrenitbi£«BUreliieblBla pre><<iu«rearC .. - r. , -••< 
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The facts are (hat in the fall of 1901 it became apparent that the sales 
'' of ^ater stock would not produce sufficient money for the work that 
must be done, and Mr. Heber oif^anized the Delta IxtTeetment Oom- 
pany in tiia hope that by giving, it a f ayorabla contract Vo purchase 
the bonds and mortgage notes of the CalifoEuia Pevelopment Companj', 
outside capital could be attracted to the new company. The Delta 
Investment Company was launched with the. con^nt and approval 
of those owning or representing- all the ptock of the California Develop- 
ment Company. By the terms of this cpntract, the Ddta Investment 
Companj agreed to. purchase, bonds and notes from the California 
Development Company to the amount of 9^1 000 in cash per month 
for twelve montJis, thus guaranteeing the California Development Com- 
pany 9262 000 in caeb> the amount estimated aa absolutely necessary 
to spend during the coming year in a permanent intake bead-gate^ 
canals, and oUier necessary works. In consideration of this guaranty 
the Delta Investment Company bad the right for 12 mcmtba to pur- 
chase any or all of the bonds and mortgage notes of the California 
Development Company at 50% of their face value. 

. As the whole . enterprise was still considered by outsiders as an 
experiment, and the banks of Los. Angeles - refused to concede any 
value whatever to the Company's "securities" for loaning, purposes, or 
to purchase tbem outright at any figure at all, and Hxe soil experts had 
ciHnmenced giving out their unfavorable opinions, the only reasona- 
ble criticism of this contract is that it -wrb nnfair to the Ddta Invest- 
ment Companj' ftnd, consequently, unfair to thoae stockholders of the 
California Development Company who were large stockholders in the 
Delta Investment Company, in that it indirectly threw on iJiem the 
burden of financing the California Development Company .without 
adequate remuneration. . .' . 

Tbat the privilege of buying the bonds and mortgages at 60 cents 
on the doQar did not prove especially attractive is best shown by the 
fact tbftt-only a small fraction of the holdings of the California De- 
velopment Company changed hands under it during the 4 months it 
was in operation. Mr. Cory, therefore, is correct in stating (p. 1260) : 
"It must be admitted that the Delta Investment Company took over 
eueh seouritiee at a larger price than could have been obtained from any 



other source," but quite incorrect- 
"many" or "large" or- "apparently di 
two corporations, or in giving 



statmg either that there were 
shoneet'^ transadiions between the 
impression that it was a hard^ip 



I California Development Coinpany to part with 93 in its so- 
called "securitiee" for 91 in hard cash. As a inatter of fact, the 
California Development Company could well have afforded to be much 
more liberal, and the writer knows that if any one had come into the 
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office at ^Bt time with $262000 in gold coin and offered it in exchangre Mr. 
for $1 000 OOOi face T^e, of (he so-called "securities," thete would ^■'»"''^- 
not hare been a voice nisOd a^inst taking the mmieT, it was ao 
urgently needed. 

Fittally, the anthor is entirely mistaken in' saying that March lat 
of that year found the' Oalifomia Development Company "with all its 
bonds gone, its collateral' notes' and mortgages largely depleted, no 
money in the treasury, and deeply in debt." The facts are that at that 
date it had $47 000 of its bonds on hand, *62S000 of mortgage notes, 
$235 000 of accounts receivable, besides lands, canals, machinery^ equip- 
ment, etc., andunsold water stock eattmated (at the selling price at that 
time) to be worth $S 235 000, and its liabilities, including $453000 of' 
bonds and deferred peiymentsto Hanlon and Andrade, were less than 
$600 000 ; in trutii; from a few months after Mr/ Ohaffey started work, 
the California DeveloiWheHt 'Colinpany never was without an ampJe sup- 
ply of mortgage notes and bonds in the' treasuiy, but outsiders had 
net sufficient f aith m th^m to buy tkein f ot- caiih. 

In view of what was 'accomplished in the 22 months ending Febru- 
ary, 1902, and the fact that some of the best men in Los Angela 
would hBi>e joined hits and furnished large amounts of capital, pro- 
vided he had secured fuU'Control, it is doubtless safe to say that had 
he taken contTOl, 'inslead' of- retiring from the eompany, there never 
would hev« been ' any runaway' Colorado Hiver and the development of 
the Valley would haV« been even mnck more rapid than it hafi been. 

d |E. Grunsky, M. Am. Soo. C. E. (by letter) .—The problems of Mr. 
the I^w^ Colorailo River hav? a. wonderful charm. They are pre- ""'■'y- 
aented hy Mr. Cqry in ^ most, comprehensive and attractive way. and 
he has done. the, Profession valuable service in putting on record and. 
making available for conyeniQnt reference the results of an experience 
on river- work which is unique in character and roagnitude. 

So Ipng as there was a fighting chance,, in 1906 and.1907, the. engi- 
neers under. Mr. Cory's,, guidance and upon the wise determination 
of Mr. Harriman wer^ to, keep ,up, the. fight; How, the. fight was won 
baa been well told by Mr. Cory. The writer takes pleasure in again 
expressing his admiration of the able way in which the work was 
handled. . 

At the outset, every: onot ho far as the writer knows,: believed that 
thi^: work, of mbking a closure in the. fall of 1Q06 would, be greatly 
facilitated. .by the use of brush mattreasea on which to dump the, rock. 
What the work :done on the Colorado in 1S06: and .1907 has clearly.. 
dsmonstnUed is that, with adequate- transportation facilities, a bruah 
mattress on which to drop the rock is not essentiaL It is only neces- 
sary to place the,. rock more jrapidly than the water can undermine and 
bury it. ' 
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Hr, . Witbout tbe apui track £iom tbe SostiiwQ Faoifio nain line down 
irune^. ^ ^ tower Mexican Heading, the first attempt to cloae ibe break 
would have been a failure and y^t the ^rrjter lecolleoto difftinctly that 
plans were under discuBsion for the beginning of this wwk, under 
which reliance was, to, be plaoed mi watee trsnaportation. Tbe out- 
come has demonatiated dearly that, when such, ^ork ia (o be done, 
ever; possible tasntingeuf^ should' be foreseen so that eiery &oiTg6Uey 
oaa be met properly. It -was a:wiae:pt«caation, to<v to keep on equip- 
ment and a force on haad and arajlable for repaiie during the hi^ 
water of 1907, even though, as it tiMnod out, they were not needed. 

At that time the leveee were new, and tbe river brongbt down an 
unpieoedmted rolume of wat«r— a maximum of about 100 000 ,Bec-ft* 
Naturally, it would be expeoted, therefor^ that the levees had at once 
been subjected to a severe test. This might have been the case if the 
conditioQB on the lower river bad remained as in yeaispsstt but they 
had been undergoing a rapid change, with the result that the new 
levee waa only wet here and there, and tiiererwas no opportunity to 
observe what might have hajq^ened if the wat^r; had been 3 or i ft. up 
on the levee.' . ' ; 

The writer made a special study of the problem, c^ tlie Lowet Ot^o- 
rado Eiver for the, Secretary of the Interior in tbe early summer of 
IdO?, and hia obeervetionB at tbat time, and in the two preoeding years 
as Consulting Engines in t}ie U. S. BecJam^tiwi Service^ together 
with many years of fsmihari^ with certain features of tbe river, are 
the basis of the comments which are now prompted by Mr. Cory's, paper. 

As early as 1883, or thereabouts. Gen. Q, W. Shanklin, at one .time 
State Surv^or General of California, and Mr. Duncan' Beaumont 
Called the 'writer's attention to the New Biver country, as a part of 
tbe Imperial YaQey was then called, and the desirability 6i making an 
instrumental survey to see what could be done toward accomplishing 
the irri^tion of that valley was discuaaed. It was known at that time 
that' the only practicable route for a canal would be across Mexican 
territory. Tbe situation appeared to be too complicated, and nothing 
was done; but the writer, froin that day to tbia, has never lost interest 
in the problem. ... 

In 1896 the writer explored a portiijn of the Colorado River beldw 
the Grand Canyon and confirmed tbe selection of a dam site at the 
lower end of Iceberg Canyon, as the best available, in a long stretch 
of riTer, for a low dam to be used in creating a fall for power. H« 
reported at that time that it wOTild be feoMble to conatruot a dam 
of' loose rode on a sand foundation by blanketing the bed of the river 
for a considerable distance up and down stream with bridEen ro^^ 
using la^teblooks for the doWn-stream portionsof the woi^ allowing; 

• Bmineoaaly eatlmated at 1I6€00 sec-ft. by the D! fi. GtsolOgiOBl Surtsy In Water 
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tha water to bur; these afi Jeep as it. would, and uains finer materia 1^. 
in the up-stream face, which would ultimately be made impervious """?- 
or nearly so by the river ailt. The plan of that day involved the com- 
plete turning of the Colorado over a low spur, of the n^ountains. Mr. 
Cory's experience at *he Lower Mexican Heading confirms the feasi- 
bility of carrying out work .of this character. 

Several years later the writer was stationed for three months on 
the Colorado a few miles above the mouth of the Virgin River, and bad 
additional opportunity for observation. At that time boilers were 
to be set for mining operations, and brick was wanted. No clay de- 
posit could be found. The moat promising mud-bar in the river was 
sampled- The mud could be balled up and would crack somewhat in 
diying. It- was submitted to a chemist at San Francisco and reported 
tq be composed almost entirely of very fine ailicious sand entirely 
aufit for brick-making. ... 

Above the Virgin Biver the water of the Cfolorado, at low and high 
stages, carried a large quantity of this silt in suspension. This would 
settle gjiickly when thp water was dipped from the river in a glass, 
and witliin a few seconds. the- water was clear enough to drink. There 
was certainly comparatively little clay in the silt carried, by the river 
water at this point. This obeervation leads the writer to assume that 
the main Colorado niust be the principal source ijf the fine, light sedi- 
ment,, other than clay, which the river carries to the delta, and ac- 
counts, too, for the preponderance of material of this character in the 
river delta; it also makes it appear probable that the'elaya, bedded as 
the author describes, probab^ have originated in other parts of the 
river's water-shed. 

During the low stage of the river, above the Virgin, the writer 
bad occasion to erect a mast or pole on a gravel bar for the support 
of a cable. The gravel was unusually firm; It consisted of all sizes 
from cobble-stones down to sand, and in its dry Condition appeared 
to be almost cemiented. The mast was erected and large boulders were 
piled around it. When the river rose the gravel around the mast 
became wet, softehdd, lost its cohesion, and acted very mudi like a 
quicksand ; the mast required additional support or it would hare fallen: 

A heavy crah^haft lying above the water on another portion of 
the gravel bar commenced to sink into the gravel when this was wet 
by the rising 4at«r, and was with difficulty supported until it could 
be transferred to safer ground; 

These facts fir^ alluded to as a framing against placing tod much 
reliance on gravel for the facing of bank or levee slopes. The gravel. 
in the case of the Colorado River levee, servea a most excellent pur- 
pose, and its use is not criticized, but gravel has no partlcalar virtue 
as a material for resisting the attack of a current, and will have but 
little resisting povfer when used in, spur dikeS; It is an excellent 
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yix. materiat boweyer, as is die case of Hie leraea on the Uexicsn side 
K rnnsky. ^^ jj^^ Colorado, for blanketine the leree, eernag aa a protectirai for 
the earth slope against wind erosion, and checkinir ^ b luge extent 
the activities of burroWinK animals. 

The Colorado below Yuma, as explained by Mr. Cory and as noted 
by the writer in a paper presented to this Soeie^ in 1907, is flowing 
down the slope of a delta cone. While undistuibed by human agency 
its floods annually watered broad areas, and the rank'v^etation which 
sprang up on tbeee areas was an effective barrier opposed by Nature 
to the concentration of the . river's flow along new channels, even 
though some of the water going over-bank should long ago, if topoi^ 
raphy alone is considered, have cut out a new course for the river. 
The river has been compelled by these restraining forces to hold for 
more than 500 years to the course as geographers first knew it from 
Yuma to the Gulf.* However, thou^ Uie river, unaided, could not 
break away from this general alignment, it swung beck and forth, 
within restricted limits, on an ever-changing serpentine course. The 
river along the thread of the stream has a fall of about 1 ft. per mile, 
and the average fall along the air line from Pilot Knob to the Gulf 
is about li ft. per mile. 

When attempts are inade to confine a river of this character be- 
tween levees there is trouble. Under the attack of the river, the banks 
will continue to break away, first at one point and then at another, and 
no amount of care in the location and constructioQ of levees can in- 
sure them against destruction from this cause. To check the caving 
bank is difficult and expensive, even when adequate facilities are at 
oommand^ as has been well set forth by Mr. Sellew. In ordinary cases, 
it is out of the question .to dimiuate entirely this source of danger 
to levees located comparatively near the river bank. 

It. is natural, then, that the leveea in the case of such a river should 
be set far back from the banks, In this location on the Colorado the 
levee cuts off the river bends and, therefore^ foUoirs a line of greater 
slope than th& river. This js .actuidly the case below Yuma, except 
for the first long stretch below Pilot £nob, where the river is straight 
for some 6 miles and the levees on eacdi side are parallel with the stream 
and cmnparative^ near the banks. Below this straight reach, the 
river channel, down to the Arizona boundary, is about 30 or 40% longer 
than the levees on their present location (Plate LVI).. 

If the river risra above banks and water stands against these leveea, 
some barrier must be interposed to its flow if erosion at the base of 
the levee is to be prevented. 

Even When constructed as was the original levee at the Lower Mead- 
can Heading, with borrow-pits on the land side, the wotk of levee 

• Trmuactioiu. Aih. 8oc. C' E., Ted. LtE, p. S. 
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building giree more or less open space for the water on the river aide Ur. 
along flie levee, and there will be concentration of flow there which ^' 

will rapidly cut channels in the light ailt soil of the deltas The spnc 
dikes, as built by Mr. Gory, offer some obstruction to this flow, and 
are of value under certain conditions; they have been of use during 
such moderate bank submereibns as have occurred since the levee was 
built, but under a real test, with'water 4 or 6 ft. on the bank, they 
would serve to concentrate fall and would start local cutting which 
might prove quite as dangerous as the general erosion due to uniform 
flow along the levee. It may be stated in a general way tbat the 
efficiency of such spurs for the same aggregate quantity of material 
in them will ordinarily increase as distance between them ia decreased. 

While Consulting Engineer in the IT. S. Reclamation Service and 
adviser'to the Secretary of the Interior, the writer reached the con- 
elusion that it would lie hopeless to endeavor to carry out the proposed 
scheme of building levees along the Gila River just above Yuma. 
Xeveee along the banks of t^ie Gila cannot be maintained short of an 
expenditure for bank revetment' which the value of all thd land to be 
there protected would not justify. The situation ia somei^hat more 
favorable on the Colorado, which, owing to a lighter gradient, is less 
erratic than the Gila, but there, also, the fact should be recognized ttutt 
it presents no ordinaiy problem. 

The land to be protected on the Lower Colorado is of such extent 
and of such fertility' and potential value that there should be no 
hesitancy in taking every step that may be necessai; to bring the 
Colorado under permanent controL 

The Secretary of the Interior was advised by the writer in 1907 
ttiat the Colorado should be given permanent banks from Pilot Enol 
about as far down as tlie Arizona boundary. He was advised that 
this work might cost from $60 000 to (ISOOOO per mile of hank, involv- 
ing, as it would, permanent loose rock revetment of banks; and that the 
United States should be prepared for an expenditure of from Si 000 000 
to $5 000 000, of which a portion should he contributed by Mexico he- 
cause the benefits of tlie work would accrue to M^ico as, well as to 
the TJnited States. He was also Advised that ttiere should b6 created 
at once an International Engineering Commission, with full power 
to undertake the work of giving the river a permanent direct channel, 
as indicated, and to give consideration to ell other problems arising 
on this stream. At the same time, the irrigation problems were re- 
viewed; and the need of an ear'fy action 'for the protection of the' Im- 
perial Valley was pointed out, . , 

At that time flie Imperial Vall^ had to depend oria foreign corpo- 
ration. La Socieddd de Ymgacioit y Terrerioi tfe la'Saja California, 
for . protection against overflow anij against (ioinplete and perinS- 
nent submersion of ' the valley by the Colorado. It Tiid'to depend on 
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this, company, aod it is still, dependent thereon, for its irrigation 
'^■. water, which, after being diverted from the river in the tTnited States, 
: is turned over to the Mexican Compenj' by which it is re-deliverad 
into Calif<HTiia. Suph an arrangement needs the sanction and pro- 
tection o£ higher autltority. The arrangement cannot be regarded as 
entirely satisfactory until, under aonie treaty or other, convention with 
Mexico, the right of a. diversion of- Colorado Hiver water through 
Jdesico is permanently assured to the people of the TInited States, and 
the, two countries acting ip harmony ..adopt adequate measiires for 
keeping the Colorado out .ftf Salton Basing , , , 

Circumstances h^^^ favored the maintenance ixf the work done 
on both sides of the Colorado prior, to 190? below Pilot. Knob. In 
that year the river carried more than the ordinary quantity of water; 
■ but the delta had, been dry for two seasoaa, the river banka were free 
of gross and weeds, which ha)l been largely burned off, and the over- 
bank flow, therefore, was far in excess of what would have oc^urrfld 
if the river .had not been out of its natural course from 1.905. to 190?, 
and li well-watered banks had been covered with dense vegetation. 
Due to its bare. banks an^ to. the consequent large over-bazik flow at 
low elevation, the river .did not rise as high and there was not aa 
much water against the levees as there might otherwise have beeii. 
■Then, too, i© the spring pf 1907, the cutting off /of Nigger Bend and 
the, ahortening of the channel at that pojnt .by 3 or 3 .miles "had some 
^ect in lowering the high water as far up stream as Yuma, and tben-^ 
in 1909 — came the relief at the Abejas., It may be assumed, therefore, 
that the behavior of the levees on both sides of the river, in 190T and 
^n the following seasons, is not a conclusive .test of Etimilar structures. 
Tie writer inspected the levees on both sides of the river at high 
water in- .1907. On tlje west side the levee below ihe dams at the Lower 
Mexican Reading had not been wet. At and hear these two dams, coni- 
.pleted a few months before by Mr.. Cory, where the borrow-pits were 
on the land side, there was some seepage, under. the levees... Miniature, 
pinrheadj;, under-water volcanoes, made this apparent to the eye. The 
( water ip, . the borrow-pits was but little lower than in the. river, conse- 
quently. tliis seepage was caused by a pressure head.pf only a few feet. 
So doubt, it would have increased somewhat with a rise in the river. 
It was the:ies.ult of the 'slow movement of the sop-wat«r inland from 
the .river. . ,■..--. ■ -■ 

; On the Arizona aide the borrow-pits ^ere carrying a Bmall quantity 
of water; they were not bank full. The ahatas work across iJia bon-ow- 
plts appeared to. be catohiiig considerable trash, and each, barrier of 
this kind <^e<^ed. in some measure, the velocity of flow for a short 
dista;nce up streani,. but gave the .impreasion, that under oTdinaij con- 
ditions of ba^ ^submersion such structures woiild have been quickly 
cut out by the water passing around their ends. The writer was not 
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improaaed with their effici«tu7> : althousb thar undoubtedly ^^ "^'^^ a^Lm 
good under the oonditions which prevailed in 1907, 

In 1910 the writer sgain had an opportunity to inspect tha levee 
on die west side of the Colorado, and noted that Where the dieok^t- 
board arrangement of boTYow-pita had ^*^^^ adoptod the spill from 
one into the next, even with very slight river bank eabmersion, had 
caused some cbanilel cutting, making clearly apparent an inherent 
weakness of Uiis arrangement. ■ 

After a number of faVorable seasons these outside bonow-pite will 
to a large extent be refilled with sediment from the river. If located 
close to the bank and on ho greater slope &ail tiie riVer; the refilling 
of such pits along such a river as the Colorado may occur quite rapidly. 
Until thus refilled. and overgrown with vegetation, they are, to fllmost- 
the same extent as a continiious borroW-pit, a menace to the Integrity 
.of the levee whenever the latter foUow's an alignment along which 
there 19 an excessive faD, oa is the case oii the Colorado with the 
Paredone^ levee , and with those above and below the Abejas. 

Id reporting to the , Secretary of . the Interior oii the matter of 
river treatment, the desirability of iiging hydraulic dredges in the 
construction of the leveea was referred to. by the writer, and he still 
brieves that, wherever, the location, rwill pgrniit, the bulk of the' levee 
WQfk ,pn the Colorado sbould.be doae.. by this CTeth9d. The first work 
, would than be the exqa,vatron of ap ample trencB, the material frpm 
which wiould'fpmi the. rivep, sidfr .restraining amhankment for .the 
hydraulic. ftU. The hydraulic fill would; then be deposited in the .rear 
■ot di is,- infilling the trenchiand bringiiag nip.^ ihe d^red. height an 
embonlrment so wide ,of bpse, that undarfl.ow, through, cratjketf soil .and 
through burrows would be madfi, impossible., 

' ■ :The. writ«ri8 of. the opinion that the control. of the , Colorado be- ^ 
'tween permanently fined. banks:. should npt be . pro jected . beyond some 
'■greed point- near the Arizona, .boundary Une, If the rive:r,is .kept 
on a. proper alignin«it down to that point, it can wan.der about .over 
a large lower portion of the delta without menace to the Imperial .Vial- 
1^.; It will then, as it does to-day, send, it* wat«re, at least in large 
part, into: the Volcano Lake region, and will warp up .first one and 
then another sfietion- of ;it8 lower dfllta.region, Lj tho far future, then, 
the time may come when Complet^. control to the Gulf can be ecoupmi- 
cally justified. 

If controlledmainlyl^ giving: the.. riv«r a direct alignment between 
permanent; vrolL-protected banks, auppjeflaented with, le'ees, as far 
down stream a* here indicated, the proteptioa.of the to^perial. Valley 
and th& whole Alamo and New River, country wjU be. cpmplete,. if the 
cross-levee' tO' the northward of Voloaao..Lake from the base, of the 
Cocop^ Ububtajna to theColorado at.^lJia tow^r Mexican Heading 
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and np the riv«r to Pilot Knob be brou^ tip to proper fceiglrt and 
' be protected adequate!;, particularly agaiuBt wave action. 

The writer deeirea ta note that the Tarious estimates o< Sow of the 
Colorado, even those beaed on gaugiugs, arc to be accepted with cau- 
tion. Some additional information rdating to methods of g-auging 
' should be given before these eetimatea are accepted as conclu&iTe^ Thia 
BpplicB particular!; to the measurementB made at the river's hi^ stages. 
It is understood that some special precautions are now being taken 
to insure accuracy of soundings and the correct placing oi the cur- 
rent meter at the intended depth; but in 1907 the writer knoxre that 
iim wfii not done, and that the nnmrinig then recorded are too great 
bf fnna 15 to 20 per cent. 

Tho two-point metiiod of gauging was at that time used. The 
gauging was made from a car supported b; a cable. In mid-stream 
the car was from 5 to 8 ft above the water surface. A souoding was 
made immediatcl; before the velocit; was measured. The heavy sound- 
ing lead was lowered from the car to the water surface and a reading 
of the paid-out lino was taken. Then it was lowered to tiW bottom 
of the river and another reading was taken, the difference- between 
the two being recorded as the depth. Ko allowance was made for 
the line swiuging out of the vertical, due to the force of the current, 
which was iiboiit 7 ft. per seq. in mid-stream. By obsemtion from 
shore on Jtme 24th, 1907, the correction to be applied to the recorded 
mid-stream depHi of 45 ft. was found to be about < ft. The lecdrded 
depth determined the required imraeni(Hi of the current mietw. When 
the meter was supposed to be at one-fifth d^th, ra 9 if t bdow the 
surface, it Waa in re^ty barely below the suHace; and when it was 
supposed to be at four-fifths depth, it was but little deeper. The only 
value of the velocity measurements as made lies in ^te fact that they 
can be used to determine surface velocity. They were leoordad, how- 
ever, as applying to the two-fifths and four-fifths points, with a leeuH- 
Ing over-estimate of mean velocity. In this particular case the recorded 
discharge should be reduced 15% to give approximately tlie fiuw of 
the river on that day. 

The errors of observation as above nirted were, oi course, Called to 
the attention of the Eeclamation Servioe and the tTnitad States Qeo- 
logical Survey, but no correction has been applied, and the Writer does 
not know bow long such methods of gauging were -maintained at that 
stetion. 

In Water Supply Paper No. 349 of the U. S. Geological Survey, 
page 46, the diHcharge is noted for June 24th, 1907, at 112000 soo-ft. 
Of thi& quantity 11000 sec-ft: were flowing in tho north ehamul of 
the river and lOi 600 sec^ft. were recorded for the inaia stream. Ac- 
(xirdine to a'proper ifiterpretatiob of themeasurementa' on- that day, 
the' main Stream darned only 89000 seo^, and probably iomawhat 
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less. 31ie BggK^ate disohftrge forthat day should b«vA becoootod 
at S7O00 sec-ft, instead of USOOO eeo-ft. The error in the m«w 
Btream gauging :wM about 17%, or the recorded main stream flow 
aheuld be reduced IS per cent. The «ame oonMctioD shpuld undoubt- 
edly avpiy to ^ entire period in 190? during which the river was at 
or near ite^ highest etaga The Writer iiaa no information a« to wbetjier 
the aame method of gsugiiig was still in use in 1900. If it waS, thesK 
can be' no doubt that in that year, also, tliere xnufft have bema cqut 
siderable over-estimate of dischaxgeL' 

Mr. Cory ib right in his conclusion that the oonatruction of Tmw>' 
voirs -witliin the water-«hed of' the Oolorado will have some beneficial, 
effect in eqndizing the stpsam flow and in reducing. the maximum 
disdarge. It is immatarial whether or not the st(»age possibilitiee 
have beeK over-estimated. Tbds can imly affect the extent of the 
reservoir Influence; and yet, whatever this may be, it will' not cfaangQ 
the river problem, except w to its magnitude. The liver will still 
have its Turing volume of flow. Its diannel will adjust itsidf to the 
n«r<r conditions. The same lack of c^nnd capacity will befdt aX 
hi^ stages on the lower river as is fdt to-day, and the same problem 
of keeping tbe ddta channels of the river on the Qntf slope viU c<ai'^ 
front tjie river angineets of the future as confronts those of to-day, 
exeept only that Iters will be somewhat lem water and eokrcspondinglT 
less silt to be reckoned with. 

Perhspe a wonl should be said about the lAgnna Weir. Tbe 
change in the original design from a paving with luge blocks of rook 
to a paving with' concrete was due io the fact that the granite which, 
bad to be removed at each end for the dttico-wayB was not of a char-: 
aeter which conld be used for' this paving work. It was anticipated 
by the engineeis' who designed and .^proved. the structure that tbe. 
granite at tbe ^liagmias" which appeared to be distBtegrat^d and ratten 
at the 'exposed surfsee would be of go«>d qoalit? when cut into; but,- 
as the'ffork progressed, it was found that the hiUa afforded very little 
BOimd rock within the liiniteof the prescribed €ixiiavation, and that 
at the best quarry sites near the weir only a small-proportion of. the 
rpqk vBB suitable for paving. This situation was carefully considered 
Iwfore a modification of. plans was recooiHiended by the Board of . 
Oonsnltins Engineers which had, this matter under consideration in 
1906. . 

The writer, though not desiring to criticize unfavorably the works 
which have been, carried out at.X^guna for the diyereion of water 
into two canals, one on each side of tbe river, has' never been in full 
accord with the general arrangement of tbe structures at that point. 
The. plans for Hicae structures were approved before be, had anything 
to do 'with the Keclamation Service, and no one is more pleased to 
learn that they are rendering satisfactory aervioe. Nevertheless, he 
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Mr. vould csil attention to the fact that the decrease <rf depth of orerflav 
'*"'"'*^' oTer Buoh a structure, resulting from ita great cwtt leoigth, 4700 ft., 
is ti6t neceMarily of sufficient importance to ttutwei^ the disadTsntagea 
that will reealt from th» use of a dam with so long an overfall orest. 
The storage of -silt in the reserroii- spade above the datn, in the cose 
of such a ri«er as the Colorado, is of no importance. This spao^ 
except for a channel of- ordinary width leading to tiie sluice-gatM, is 
soon filled \rHh silt and overgrown with willows and oottonwoods. 
There is a strong tendency for drift to lodge, and. within a few years, 
tfawe-may be such obstruction to a oonoentnted flow in lines parallel 
to ^e original couroe of the river that it may be difficult to keep the 
waterways: open to the two ends of the weir without permitting one 
or the other to parallel and endanger the Btructure. Thb conditions 
at the weir, in a few yearsr may be such that water will go over it 
at unerSD^depti), and, in that event, the great length will fail to 
aiicMnplieh fully the dddred purpose. At -any rat& there will he 
tsouble from time to' time' in keeping the water on a proper coutae 
t» the two ends of the dam. The removal of ailt which the ehiice- 
gates will permit is dependent on the depth of the sluice-ways below 
the sills of thd canals. ' The silt whicb the river will deposit in the large 
ohiumel leading to a sluice-way, while the water is forced to rise to 
the crest at ibB dam, can of course be duibed out from time to time 
by opening the gates, but this will be restricted to the deposit. in a 
chiitineL It is not the ocoumviation in a Teeervoir, and this fact should 
not be lost sight of in planning such structures. Even this, however, 
may be worth while. The writer believes that the river should have 
been forced into a definite position above the Weir by making a seotion 
thereof, probably SOO ft., a few feet lower than the rest of the structure 
and then arranging flanking walls to be overtopped at higl^est stages 
of tberiver and to ees^e as training walla of the large-capacity channels. 
lading to the sluice-gates', which would, as at present, 'serve to keep 
thetdiannel open to the head-gates. One. great advantage of auch an 
u-rangement would be the concentfatinn and depth of flow necessary 
to Carry drift of whatever size over the d«n. 
Mr. Clarence ,K. Ci.arke^ Esq." (by letter). — Although this paper and 
■ Mr. Sellew's discussion of flome phases of the subject seem to have 
covered the ground quite thoroughly, it appears to'the writ«r' that 
room remains for a few statements of fact concerning the "rou^ and 
ready methods" of dealing witb the river which Mt. Sellew does not 
accept as a solution of the engineering problems pertaining to the 
Buhjeot. 

Being one of the men referred to hy Mr. SelleW as "red-biooded 
fighters, who did not know when they were whipped, but • • • 

•ChtHiiwtr.,pBloV6r(l8 Mutual WsterCo. 
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fought on to victory unmindful of its cost," the writer desires to cor- 
rect an erroneous impression. The crevasse in the river bank and 
levee in 1907 was closed by railroad men, who used methods with which 
they were familiar; they tried ho experiments and devised no new 
engineering practice. They knew they were hot whipped at any 
stage of the game, and they kept at the job because they had done, 
the same thing on a sipaller scale many times ahd were confident of 
ultimate succeas.' 

The use of the water of the Colorado for the irrigation of land 
creates the problem of control. There is . no . other reaaon for sub- 
jecting (hat river to control. The prohlem, so-called, as the Writer sees ; 
it; presents three phases: 1, directioh of the flow of the river and 
control of ita meanders, involving bank .protection; 2, exclusion of' 
overflow water, by levees, from land susceptible of reclamation and 
irrigation; 3, safe' and certain diversion of water from the, river into 
irrigation canals.' 

The Iiower Cftlorado has ho fixed cfeahhel, because' of the character ;. 
of the soil, which is a deposit of silt, readily eroded.' The .current 
swings liack and forth, cutting the banks and changing the' meander' 
line, and an apparently insignificant obstruction sometimes causes 
shifting of die chriimel fbr miles. A' sudden sliift of the channel from 
one bank' to, the j)ther ' may . leave a canal intake dry and put an ' 
iiTigation\^tein out of business. Jt. may. cut across a tongue of Und, 
chahging.a wide bend into a tangent and forming a new hend lower 
down. ITierefore, one factor of the problem is the maintenance of a 
defined course of the river between permanent bania. That may be 
accohipliahed by adequate protection of the banks and control of the 
meanders. It is advisable and feasible to straighten tlie course of tiie 
river 'at sbme'pbints; pnd by increasing its veloci^, 'to eh*;k its ten- 
dency to swing from aide'to side. The shortening of the river, re-' 
sultihgr f rom' the' elnnihation of many horse-shoe bends, would increaae.l 
the scouring action ' of floods and' their silt -Carrying' capacity, ahd 
greater volumes of sand flhd Silt' woUld'be. transp.orted 'to the lower 
delta and deposited there, biiilditigr' up ' large area^ of land 'ahd ac-' 
celeratiftg the wort 'that the river has been' doing for' ages.' By' the' 
control of the low^ river; the 'floods could be 'diverted into' 'the basin' 
of the Laguha Salada, and that shallot basin could be tio.nverted. by' 
silt deposJt'into an arable and fertile valley; In time;' of course, the' 
depositi6n of silt would work bdck, ahd' the normal grade <rf l3ie 
rive^ wOuH be. re-^dblishe'd,- necessitating the adaptation of levees' 

to the n^ cphditioh; ' 

"It- IS' the writer's purpose to point out that this is not a problem' 
calling fdr'the invention of new methods of i-iver cbhtrol. ' 

Bank Bevetment.^-'ESectivB bahk 'protection can be provided most 
reacyry and eetmomically by laying a railroad trttok on thetop of a" 
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iir. levee; and, as other writers have suggested, it may be applied in see- 
"• tions as needed. That tracks on the leyeea along the Lower Colorado 
are indiepensable to their maintenance and the defence of the banks 
against undercutting attacks by the river, has been the writer's fixed 
conviction since his first experience with the river, and he notes with 
gratification that Mr, Sellew has revised hia former opinion on the 
. subject and concluded that the railroad track facilitates the work of 
levee, protection to a degree that more than ofEsets the cheapness of the 
methods heretofore used by the Tteclamation Service on the Colorado. 

Having the "firing. line" established by the track on the levee, it 
is important to provide an abundant supply of "ammunition" and 
means. of rushing it to "the front." Quarries and gravel pits are 
opened, and are equipped with derricks to handle large rock, and steam 
shovels to handle smell rock and gravelJ When the river begins bank 
cutting and threatente to undercut the levee, train loads, of gravel and 
rock are taken to the point of attack and dumped at the toe of the 
levee. Gravel is dumped first in order that it may underlie the heavy 
rock and prevent the sluicing out of silt and sand where the rock lies 
oa the bottom. When the bank caves, the rock on the herm falls into 
the trench dredged for it by the river, and if the scouring continues 
and the trench is deepened, more rock is dumped to, reinforce ti\e 
revetment and raise it to the crest of the levee. .Small rock and steam- 
shovel material serve to fill and face the revetment. When such 
revetment has droppej to the river's lower acour plane and has been 
completed hy proper reinforcement, the work of bank protection at 
that point is done permanent^, and the levee thencefcKrth is aafe 
from undercutting. 

An illustration of this method of bank revetment was the saving 
of a section of the C D. Go. levee, as a part of the work of closing 
the break with what Mr. Cory calls the Clarke Dam, in January. 1907. 
The rivet swung in .against thelevee north of the break and threatened 
to destroy 1 4(W ft. of the embankment an4 widen the crevassa from 
2 600. to 4 000 ft. the width of the herm between the toe of the levee 
and the bank varied from 30 to 50 ft. f i?r the greater part of the 1 400 
ft., but near the north end of the section the current had washed away 
most of the benu, and in the bight the water was cJose to the toe of 
the levee. To divert the current from this bight, a jetty 90 ft long 
was, built out from the upper side. The jetty consisted of two rows of 
piling, 5 ft. between rows and 8 ft. between piles in the row, the piles 
being "staggered" or alternated. The piles were 40 ft. long, and were 
driv^ in 26, ft. of water; Before the completion of the jetty, the 
discharge of the riyer was increased to. 40 OOO sec-ft. by a freshet in the 
GUa. Gila freshets .cany great votumea of heavy silt in suspenraon, 
and this, mortal drops readily when the vdodty of the current is 
checked. It was not necessary to oppose any other barrier or baffle 
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than the piles to this heavily laden flood, and no bniBh was plac©4 
in the jetty. Eight days after the completion of the jetty, the river ; 
discharge fell to 15 000 sec-ft., and a bar was exposed on each side 
of the jettj and extending 13J ft. beyond its outer end, where the water 
had been 28 ft. deep. The rapid formation of the bar was due to the 
Gila silt. To accomplish similar results with Colorado Riief water 
alone, more bbstiuction, in the fdrm of fascines or wire entanglements, 
woTild be required, and the'process of bar formation wduld be slower. 



Old CTi a 



PUN SMCWTNa WETKOD CF DEFENDING LEVEE AGAINST ATTACK BV RtVER 

., pURfNa CLOMJRE OF COLOBADO RIVER CREViSSE BV S.P.SJ). EM(11NEERS IN ip07 

,FiQ,,.85. 

When the jetty was built, the levee embankment was Widened 
toward the river with gravel and rock, the track "was moved to the 
extended 'fill, and large quantities of gravel and rocS were! unloaded, 
covering the bertrf to a Widtb' 6f from 8 to 10 ft from the toe of'the 
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Hr. levee- ,,As the river gut away the bank and deposited the gravel and 
*''"^*' rock flt the bottom, where .the material was needed, more rock was 
unloaded. The depth of water at the baBk, when the cutting be^an, 
was from 20 to 26 ft. This depth increased to 42 ft. aa the river 
dredged a trench, and at that depth the scouring action ceaeed. When 
the revetment was .completed ^^^ the. 1 400- ft section of levee had been 
protected, the. height from river bottom to base of .rail on the levee 
was 61 f I 



. SECTION ON B-B 
SECTION OF SAND-BAR FORMED BV PILE JGTTY FROM 
C.D.LEVEE ON THE COLORADO RiVEH, 1907 
Fig. ST. 

Gravel is a factor of vital importance in this method of placing 
rock on a aand or silt bottom, a detail which appears to have escaped 
the notice, of aome of the "innocent bystandets," who watched the 
cIoBure of the crevasse and predicted utter failure .of the work. The 
plan of providing revetment material at a threatened point and leaving 
to the river the. work of dredging a trench and placing the rock, haa 
been approved recently in a practical way by ao eminent a river engi- 



by Google 



DISCtrSSlON ON IHUQATION ISD BITER OONTBOL 1M7 

neer ks Ur. Sellew, who need tile method Uat jBta in defKidiiis one ib 
of hie leve«S from attack. Aa be does not ref«r to the use of gravel 
as a bed for rock reveHanent, presumably that essential detail of the 
method was emitted. 

This method of bank proteotion, howeTer, is tm innovation, and, 
in hia applicfUiion to the closure of- the Colorado oievarae of practice 
that is old to "firing-line" railroad engineers in the West, the writer 
cannot la; cUim to originality. He used the same metliod on tUe 
San Pedro River, betM^en- Benson and Falrban][, in Arizona, many 
years ago. In 1891, the roadbed of the Northern Faoifio along the 
Ptiyallup River, in Washington, was pnrteeted in identieally- the same 
TOy within lesa than 4 miles of the'TaCoraa depot, where doubtless 
many "Innocent bystanders" observed tlie work. 

Control of the River. — The general application of thia system of 
revetment t« the bonksof tJie Lower Oolorado, in the writer's opinion, 
would solve, simply and at comparatively low out, the problan of keep- 
ing the river within defined bounds «iul protecting leveee against 
□ndercntting between flood sesaons. Oombined with the Btraightening 
and shorteUing of the river's ooorse and (Mmtrol of the meanders, this 
revetment of banks would inCTSa0»''tke efficiency of the channeL Trees 
and Other obsbuetave growth on the bars and. 'flats would be removed 
by the river itself, and. its carrying capadty .would ba sufficient 
eventually to take care of floods. . 

' ' Experience hu demonstrated that the revetment iiere deaciibed, 
consisting of gravel and rock, and placed from the lowest sceur idane 
to the crest of the levee, constitutes a permaAent barrier and solvce 
the problem of coDtrol of the Colorado. 

The resulting rot^reveted permatiemt hairier would be similar in 
all essential features to ^at oontemplated in the suggested plan of 
river control attributed to Oan. Marahall, which ilivolvee the ezcava- 
tion of a trench to the ascertained soour line by the. use of dredges or 
power shovels.' 

A serious objection to the saggestied plan ref eried to is that it would 
be applied without reference to immediate need for defc^iae,' and would 
entail large expenditure for dredging and ceifetaneat where protection 
Blight not be required for many years. The cost of excavating^ troches 
to the acoaf line, along both banks aS the Lower- Colorado, with 
dredges, would be enormous, and it has been dranonstiated that Kueh 
expenditure' is quite unneoeeeary. The river can. be' depended oh to 
do all the dredging and to platte the gravd and rock at l^e bottom of 
the trench. 

Oi^'the Natiwi&l Government could or ehouM undertake the task 
of contr<dling the Colorado) aa it. has prosecuted the work of protect- 
ing lands along the Hississi^i against Inundation. The first etefp 
in the [woject obviously would foe to otsntruct levees along both banka 
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Hi. and 1^ tracks thereon. Durin? t^e proffiesB of this work, gniycl and 
* rock guarrieB should be opened and equipped with the requirate kiad- 
ing applianoes, and oars should be providod to cari; the material to 
the front. In case of attack on the levees by the river, material vo<^ 
be esnt to the threatened points, and the work of permanent revet- 
ment would be done at those points. After the completicm of the leveee, 
the means and material for. revetment would be kept in readiness; 
during each flood saaaon the rivet would be observed vigilantl;; aud 
every attack on the levees ■woiild be met prompUy. 

TMb me^od would diatribnte the work over man; years. Con- 
aeivab^, 50. years or more might pass before the banke would be reveted 
throughout the courae of the lower river, but during that time the 
stream would be virtually under control. The cost, also would be. dis- 
tributed, and no vei; great expenditure . probably would be. called ioi 
in any one season. The ultimate result woold be absolute oontrol oi 
the river between pennanent barriers defining its course. 

Control of Meanders. — Emergency methods of control of mtanders 
and of the direction of the ohannel, iised on the Colorado, are simple 
and comparatively inerpenaivfe, and .may be api^ed by settlors to the 
temporary protection of their riparian lands. ' The writer bad occasion 
to resort to these m^ods in January, 19J3, for preservation of the 
^w of water through the intalce gf .the Palo Verde Valley trrigatioa 
system. 

The Palo Varde intake ia cut through a rock prOjeotiw) into the 
lower part of a wide bendin the river. The river developed a tendeoey 
to cut. across the bend by the chord of the meander arc, and, if un- 
checked, the channel would shift toward the Arizona shor^ and leave 
a wide bar in front of the intake. This tendency was shown. in the 
cutting away of the noee of a bar that extended from the Arizona or 
eastern shore to about the middle of the bend, and it Was necessary 
that the>bar should be maintained. This was acoomplished by driving 
posts and placing fascines and sand bags on the point- of the bar. 
A faacdnejettyWas built out from the Arizona. hankj IJ miles above 
the bar^ .and pointing down. stream at an angle -which . would direct 
the cunmt into the bend above tlie. itilake. The cost of tbj» worjk was 
small, and'tbe sfiect was all that was required. The channel was Wept 
in the baid «lo8e to shore,: and dte supply of water thrtiu^ the intake 
was aaanred for tiie season. 

By similar meaas,' when the river begins cutting the bank and 
threatening destruction -to lands or levae«; a bank-caving current may 
be converted readily into a silt-depositing eddy. Fascine jetties — rows 
of driven posts wifli bundles of bimh placed between .them and 
anchored wit^ sand bags— may be built quiekly by the iarmax*, and 
danger maybe av»ted if detected eariy and if the remedy be applied 
at the firrt indication of trouble. Such temporary defences are avail- 
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lAle in advance of the permanettt iystem of protection; consiatiiiB of (j^, 
leveea, railroad tracks, and rock reyetiaent, and may be- built by 
iutellieent farmers without the aid of ei^iieets. 

Levee Construction. — The writer did not participate in the ex- 
haustive discussion of the relative merits of liTer-side aiid land-side 
borrov-pita in Wee constmotion on the Coloriado, which foUowed the 
failure of Col. Ocketsoii'a levees and was carried on recently by many 
engineers in the technical press. The Bubject having been reopened 
by Mr. Cory and Mr. Sellew, however, it seems pertinent to call at- 
tention to a few facts which have been overlooked or ignored by both. 

Mr. Cory explains clearly and correctly the failure of the Wee 
below the Hind Dam in December, 1906, which was due solely to the 
absence of a mudt-dltch under the leVeO. He gives reasona for the 
omission of the muck-ditch, chief of which was the supposed necessity 
for confining expenditure, as closely as possible, to the repair of the 
break. Mr. Cory saya the desirability of muck-ditching' was fully 
realized, and it was a part of Uie Original design, but because leveea 
had been built without muck-ditches on the Colorado, and some one 
advanced the theory that a cracked adobe foundation would be Uiade 
tight by praBsure when wet, the vital necessity of muek-ditJchingwai 
not recogniaed, and the builders Of the levee decided to "take' a 
chance." The theory of the closing of adobe craeks proved unsonsd. 
^ater followed the craeks under'the levee and Caused the break. 

Mr. Sellew admits that water did go iibder the levee because of the 
absence «f a muck-ditch, but be contends that "Hhe damage eauaed 
by a head of l5 in. against thd levfle was due primatily to tlie ii^^esende 
of land-side borrow-p its." 

The botrbw-pits, 3' ft. deep. Were separated from tiie levee by a 
benn 40 ft. wide, and it iB manifestly absurd to assert that there 
oOUld be any relation between the pits and a 16-in. head against the 
levee. The pressure angle Of the greatest head against any levee on 
the river Would 'not reach the pit. According to Mr. Sellew's theory, 
an inside bcmiow-pit J mile back of the levee would' increase the Stiitic 
head and cause failure erf the work. Mr. Coiy left an op^iing for 
attack when he said the increased total head was "the only pertinent 
Objection tw land-side borroW-pits." ' Experience has dehtonstrated, 
howeve*, that the objection is impertinent, irrelevaiit, and immat^ial. 
No land-side borrow-pit levee, properly rauck-ditehed, on the Colorado, 
hfts been broken or even damaged by the river, but every river-side 
borrow-pit levee has been bWached or destroyed, and every flood saason 
since leveeswere first bliik on the river has seen a strenuoua fight^ to 
i^intain them. The meir-side borrow-pfts are^ invitations to the river 
to side-wipe the levees with ourrents of eroding vdocity, and a levee 
not blanketed heavily withgravel, or rip-rapped with rock or mat- 
tresses, melts away like a bank of salt. EveryWeC bVeech has been 
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caused by current erpeioni not, by static bead or pressure. No levee baa 
' been pushed oyer by the river. 

"Last TPord" on Borrow'Pita.—Qaptiiig trova Mr. SelWs dis- 
cussitm, page 1482 : 

"Regarding the advantagea and diaadvantages of land-side* and 
nTe^^ide borjow-pita, the writer haa fully e^reaaed hiraaelf, e» that it 
18 not necessary to comment further. Particularly isthts so when tlje 
author [Mr. Cory] states that he 'realized that this [land-side horrow- 
pits] was not in accordance with the usual practice.' " 

The implication that Mr. Cory confessed judgment agsioat the 
land-side borrow-pit and yielded, every point to Mr, Sellew in the 
argument, seems to tho writer no more, than a verbal quibble. A prao^ 
tjoe may be "usual" and still not the best possible under oil conditions. 

Doubtless there is satisfaction in the belief that (me has rooted 
all opponents in argument and said liie last word on a debated, sub- 
ject, but it does n.ot appear to, the writer that any one of the eminent 
engineers engaged in. the bgrrow-pjt discusaion has warrant for "laying 
that flattering unction to his soul." 

It might be inferred from Mr. Cory's stat^ient, that the land-side 
borrow-pit method of constructing the C. D. Co. levees in 1806-Ot was 
'.'deoided on after careful consideration of tJie ^vantages and dia- 
advantAges," that titere was doubt on the subiect in,. the. minds of the 
men on the job. The roatter may have beeik — in fact waa— <lebated 
.persistently by the "iBaocgnt bystanders" Ijut there never was any 
question of methods in the minds of the railroad "firing-line" en- 
gineers . having direct charge of construction. It is and has been for 
years, not only the usual practice, but the invariable rule of railroad 
engineers in the West, that nothing between an embankment otid a 
river shall be disturbed. The protection offordied by «artfa ,in place 
and by trees and brush must be tnaiatAlned inttict- That vaa why the 
land-side borrow-pit syst«n of construction waa adopted as a matter 
of eo|irae« It was followed . until i3x bystandere,. tired, perhaps of 
being innoicent, ^t rthemselvea appointed, as a "consulting board" and 
^fter two attempts succeeded in getting an impMative, oPder from 
finanoial headquarters to the engineers on the job to conform ta the 
nana 1, practice of the levee . builders on the.Tuma Project, Had they 
aupooeded earlier, the levee could not have been built at all durixkg the 
flood : period. From the moment the water came over .the river 
bank, work of any sort on the river side of t^e leveefl.was impoasible. 
, . ^Uperience in railroad construction and maintenance in regions 
.subject te. floods, in the building of, dams and levees ip. the Delta of 
tiie Colorado and in the Palo Verde Valley, and in the control and 
maintenBnae of irtigatiott canals of large capacity^ has :lfift the writer 
in po doubt conoemiug the essential [(TincipliBS of levee i^i^traction 
on the Lower Colorado River, 
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The first requisite i>ertaiiiiiig to the location of a levee in tliiB l 
region is a careful underground survey fd" determine the sort of ,, 
material to be encountered iii esSavation for muck-ditches. ' Largs 
deposits of unfit material, such as adobe, heavlljr alkaline soil, and cer- 
tain kinds of sand, must be avoided by -detoots: Seepage is the only 
factor detrimental' to the land-aide borrow-pit plan^ and that ia to 
be eliminated by the muck-ditch. The theoretical additional head 
against the levee, due to a borrow-pit 40 ft. in the rear df the leve^, 
ia a negligible factor. Under conditions actually encountered on the 
Colorado, there ia not any additional head, either in fact or in theory; 
That objection to the land-side borrow-pit is not even theoretically 
plausible. ' " 

Essential Features. — The eeaetttlal' features of efficient levee con- 
struction oa the Lower Colorado are: location avoiding bad ground 
and careful muck-ditcbing to escliide seepage; land-side borrow-pita; 
leaving all natural proteetioh oil the river side undisturbed; gravel 
blanket to resist erosion and t^ minimtzo attacks by burrowing ani- 
mals; railroad tracks on top of the levee to facilitate maintenance 
and to make possible the protection of banks and levees by permanent 
rock revetment. 

Mr^ Sellew is unquestionably right in bis concliieions : ' 

"That in their present state, the levees are at lie mercy of the 
meanders of the stream, , except throuffhout those iwrtions where a 
railroad occupies the levee top"; aiid, "That bank revetment, perma- 
nent in character' and reasonable tn cost, wheii compared with other 
methods, can be readily ailid quickly accomplished with tock placed 
from railroad trains operated on the levee toi« and ^connecting with 
existing guarvieS which are within a reaBomible'distance." 

The first Conclusion is sustained by the history of all tfle Csldrado 
levees, and the correctness of the second Was demonstrated clear^^ in 
1907 by the holdii^ of the 1 40b-ft section of levee against the atta<^ 
by a flood of 40 000 sfec-ft. at the time of the last cKwure. The p«r- 
manenOy of rock revetment thus constructed, however; depends on the 
placing of gravel as a bed for the rock. That' is a vital detail of the 
method. 

In rip-rapping leVees and reveting the bflhks at the toes, in' the 
opini.on of the writer, grading to uniform slope is not only unnecessfiry, 
hilt inadvisable. It is better to, place the gravel and rock oa the natu- 
ral ground. Setting rip-rap by hand on fhe face of a levee makes b 
neat looking job, but it is rieedleasly expensive, and the prcitection is 
less effective than that secured by the gravel and rock method: ' 

Before leaving, finally, the subject of .closure of the crevasses and 
the preservation of imperial 'Valley in ' 1906-07;' the Writer deSirea t« 
put on record the fact "that tSie' accomplishment of the work was du& 
primarily and exclusively to the independent judgment and courage 
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Hr. of ^. Harriinan, who. persisted in his belief tliat the breaks could .be 
^closed, and his determiDation to close them. in the face of opposition, 
and legardless of the positive assertioiiB of a host of eminent engineen 
that closure was a physical impossibility. 

Submerged Weir. — Mt. Cory has described brieflj the submerged 
rock weir placed across the river at the intake of the Imperial Yallej 
Canal in the smnmer of 1910, and has mentioned its unexpected sta- 
bility and durability. Mr., SeUew does not discuss the weir or its 
effects directly, possibly because he did not view its construction with 
favor, but his comment on Mr. Cory's statement concerning the perma- 
nency and efficacy of rock fill in the crevassee has bearing on the sub- 
ject, Of the rock fill Mr. Sellew says: 

"How it would act as an overflow weir, carrying 150 000 sec-ft., 
even if covered with concrete, is problematical. In addition to a con- 
crete top, crest and foot-walls appear to be necessary to prevent the 
top from being undermined, and, if these are provided, the resulting 
structure will not differ materially from Laguna Sam either in design 
or cost" 

This is a case in wliich accomplished facta fail to justify specula- 
tive theory, and it appears to bo in order for the writer, as the builder 
of the weir, to state the facts and show the actual effects of the 
installation.' " . ' 

.OonstnicU<w of the weir was necessary because of the recession of 
the bed of the river, following the diversion of all its flow into the 
Abejas diannel, and because of the lack of a powerful dredge to keep 
the floor of the 1 000-ft. intake from the river to Hanlon gate as low bb 
the sill of the gate. The discharge of the river was ditninishing, and 
danger of complete diversion of the channel from th^ intake was inuni- 
uent. The placing of a weir to check recession and direct the current 
iras.the only practicable rapid method of returning the, water to, the 
oAual and saving a $6000 000 crop in Imperial Valley. 

A treaty 980 ft. long, composed of four-pile bents, 15 ft. between 
.centers, was built across the river, below the- intake, to the Arizona 
shore, at an angle of approzimateiy 70°, the Arizona end being the 
farther up. stream. .Caps, stringers, ties,: and rails were placed on the 
structure, and ateam-ahovel rock, from the adjoining quarry was dumped 
from the trestle and spread to a width of 50 ft. No brush at all was 
psed, and no: derrick rock was dumped As the weir was designed to 
.be temporary, tio gravel was placed either before or with the rock. 
The discharge of the river during the progress of the. work was about 
.9 000 sec-ft. 

, , .The weir was constructed, in :21 days, at a cost of $22,500, of which 
amoUAt $4 000 was recovered in salvage of rails, ties, stringers, and 
cqiv|. The quantity of rock used was 12 800 cu. yd., of which »'600 
cu. yd. were placed in the weir, the rest being used to revet the hanks 
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and raise a spur track above the high-water mark of 1909, The angle Mr. 
of the weir to. the current ^served to point the <!haDneI to the California- 
shore, and also served other .purposcB familiar to "firine-line" railroad 
engineers, 

. The, weir arrested the recessicm of the river bed, turned the *a.ter 
iiito the intake, aiverted a water shortage in the fmperi^l irrigation 
eyatem, and saved to the farmers of Imperial Valley crops worth 
$6 000000 or t7000 6oO, Also, the Buccessful construction and opera- 
tion of the weir demonstrated that the farms of Yuma Valley, dried 
out and virtually abandoned for 5 or S years, could have been watered 
at small expense, and could have produced and marketed crops to the 
valiie of ?1 000 000^ a year while awaiting the completion of those 
^reat engineering inonumentB, the Laguoa 'Dam and the Colorado 
River Siphojn. It ia evident that the lands of Yuma, Cibola, and 
Parker Valleya can be provided with water by the construction of 
weirs, and brought under cultivation at nominal espense^ . 

Although the piling, of the trestle was cut off above the rock fill 
and PMooved in the spring of 1911, the rock weir remained in place. 
How such a fill would stand an oveiiiour of 150 000 sec-ft., even with- 
out a concrete top, ia not problematical in any aenae.' . The weir at thp 
intake haa endured two freahetsj one of 150 000 sec-ft. and the largest 
on record, and '.it still remaina. ' It has neither creat, core, nor foot- 
wall of concrete, and it is not covered with concrete, but its top has 
not been utidermined. It differs radically and widely from Lagiina 
Dam in design and cost, but its function is the aame. A permanent 
rock-fill weir, built with gravel, large rock, and steam-shovel rock, and 
having a cross-section width of 200 ft. on the bottom, certainly. would 
stand any. overpour that the Colorado could muster, and its cost would 
be comparatively amalL 

'Useless Dretlging.— Although the work of a dredge in the intake 
shove the concrete gate was of material aid In getting an adequate 
supply of water to the canal, the writer cannot concur in the opinion 
that the operation of the dredge Imperial below the gate was oi the 
slightest efficacy or vaW at any time! The dredge haa %dug a 
bole below tHe gate;, the hole has been filled with sand;. the dred^ haa 
dug it again, and bo' on in one continuous round of costly futility, like 
the labor of' Sisyphiis, Sad the Imperial been placed aboVe the gate, 
it would have been useful. When the hanks of the.' Alamo, channel, 
constituting the main canal, had been raised and strengthened to 
carry s&fe]^ a large flow, the discharge' of from 2 500 to it OOd sec-ft. 
thtoUgh the gate' solved the problem of water aupply fot' the Valley 
canal system. In'an hour and a half 2 500 ft. of water sluiced aahd 
from the canal below the gate to the depth of 1 ft. The Alamo; Canal 
is' an' efficient chaniel for 5'iniles below the! gate, when carrying 
2000' sec-ft; or mere, and dredging is whol^r usClessJ ' 
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Hr. When, the writer took charge of work on the.C. P. Co. eyatem. he 

lar e. fQ„g^ ^^^ large dredges, the Delia and Oamma, at work in the main 
canal at an operating cost of $9 000 a month. The dredges were use- 
ful in straightening the course of the Alamo, cutting across bends 
and building up banks, but when they operated in the canal to remove 
silt and sand, they only moved a hole up and down stream. Oareful 
instrumental observations and cross-section surveys showed that the 
floor of the canal behind a dredge was at the same level as before 
tiie dredge reached it. 

The writer put the dredges out of commission and tied them up, 
thereby saving $9 000 a month. It is doubtful if a dredging barge, 
occupying more than one-third of the width of a canal carrying 
Colorado Kiver water (laden heavily with silt and sand), can be 
operated efSciently to remove, deposits. 

The removal of quicksand from the Imperial canals is a problem 
to be solved by the managers of the main supply system. Sand in the 
canals of the Mutual Companies constitutes a menace, and is a cause 
of, great increase in maintenance expense. The deposit of sand in 
these canals and in farmers' laterals is avoidable^ Doubtless a small 
percentage of sand brought through the head-gate is removed by the 
Imperial, but all of it could be removed more economically by other 
means at the lower end of the Alamo main, and it is obviously the 
business of the C. D. Co.'s Eeceiver to take care of that sand instead 
of sluicing it out upon the valley farms. 

Summary. —The writer has endeavored to make clear, by statement 
of fact and description of work accomplished, that there is no abstruse 
problem, involved in placing the Lower Colorado under control and 
confining its floods to a determined course. . 

The meanders of the river are subject to direction by simple and 
inexpensive means, the current at the early stage of its wandering 
tendency responding as readily to the guiding band as does a bridle- 
wise horse to, the touch of rein upon the neck. 

The permanent revetment of the banks has been demonstrated to 
be comparatively easy of accomplishment by methods . familiar to, and 
applied by, railroad engineers in the West for many years. 

That a railroad on the top of a levee is indispensable to main- 
tenance .and to application of the rock -fill method of bank revetment 
has been shown conclusively by experience. Costly experience has 
proved the unwisdom of removing any natural protection from the 
berm on the river-side of a levee, and has established the coFrectneaa of 
the railroad "firing-line" practice in the construction of embankments 
along streams, particularly those, flowing through regions of alluvial 
formation. 

Submerged weirs, to raise the bed of. the river, arrest the recession 
of scour planes, and divert water with certainty and safety into canal 
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intakes, . maj. be built as permanent atructujes by the simple and Mr. 
inexpensiTA method of dumping gravel and rotk from trestles, without ,. 
Clacing any crest or oore-walls, or using a pound of cement. 

The operation of dredges for the removal of sand from main irriga- 
tion canals, is ineffective and a waste of money where wat*r can be 
carried in la^ge volume at sluicing vekxiities. 

F. S. Mabshall, Asboo, If. Am. Soc. 0. E., (by letter).-^ThB Mr. 
author's statements r^arding the very unfavorable soil report <« the *'"™'^'" 
Imperial Valley, iasued by the U. S. Department of Agrioulture (which 
actual results have proven to he unjustified), and the belief ezprassed 
that, had tbia soil report been iasujed before the reclamation of the 
valley was well under way, the effect would have been a complete 
condemnation of the project, are serious matters and worthy of most 
attentive considflrfltion. The writer has had similar experience, and 
has no doubt that many others interested in redamation work have 
encountered this same bugaboo of an adverse Government soil report.- 
It is certainly the duty of the U.. S. Bureau' of Soils to rectify some 
of the wrongs done to different parts of the countiT through adverse 
reports on yacioua aoil types. The writer knows of no case where this 
has been done jn a. way which has, had any practical effect. 

The object of a soil survey shpuld.he to detem|ine what. the land 
is adapted to and what methods of cultivation are lindicated and re- 
quired. The -findings' of a survey should be, by all means, of a:con- 
structive and not of a destructive nature, and the chief purpose diould 
be to find some beneficent use for the soil aurv^ed. Any report that 
condemns a soil type as worthless, unless baaed on themost thorough 
investigation, necessarily does a most serious and inestimable injury 
to the area reported on. 

It should ba the office of the Government to ^loourage the develop: 
meat of waste, land, but certainly, some. of the soil reports would dis- 
courage even a preliminary investigation of the areas in question. 
Because of the usual. high respect for Government experts ..and their 
disinterested attitude in such matters, their statements, official; and 
otherwise, .^re genei;ally taken as esprcssions. of ultimate facts, and 
unimpeachable as to the conditions of the soils reported on. However, 
in, the West,' to-day, there are notable eases of great, districts, with 
proven agricultural value^ which were condemned by the Government 
Biireau.of Soils. . ' , . ," ' ' ■ 

The writer's esperiepce with an adverse .aojl report will serve as 
another example, supporting liiese statements. While one of the engi- 
neers was making, a report on a proposed 60 000-acre levee reclamation 
project in the Sacrapiento .Valley, California, on which it was esti- 
mated $^000000 would be spent for levees ...and, drainage works, the 
foUbwing developed: ; 
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The project bad advanced to the point where the parties who were 
*"■ to finance it had paid for 26 000 acres at the land SnTolved, and plans 
were being hurried for the reclamation works, when the U. S. 
Department of Agriculture's "Soil Survey of the Marysyille Area, 
California," was called to the attention of one of the several repre- 
BontativeB of the purchaser. This report, iaaued in Iflll, was the work 
of Messrs. A. T. Strahom, W. W. Mackie, H. L. WestovM, L C. 
Holmes, and Cornelius Van Duyne, and on page 30 contained the 
following comment regarding that part of the area in which tius 
project was Ideated : 

"WJien protected from overflow by levees, this soil will be saturated 
for some portion of each year on account of the high water level out- 
side the levees. Extensive draiaage ditdies and pnmpii^ plants would 
remedy this to a considerable extent, but' to ksep doira the level of 
the water table for such extensive areas would be very eipenaive, and 
only the most profitable crops would justify the expense. The physical 
condition of the. soil ia. about as unfavorable as it possibly could be, 
owing.to water-logged condition and consequent nonaeration. Should 
the ^pe ever be thoroughly protected from inundation, the agri- 
cultural value of the section will probably depend upon the intro- 
duction of crops suitable only to low, moist land that will yield a 
considerable return for the labor and money invested. 

' "The following tabl^ gives the results of a mechanical analysis of 
a sample' of the soil of this type [amounts giv^i in percentage by 
Wieight] : - 

FiB«' Coaiae HadiiiiD fine VaryBoe 

critTel. mild. sand. saod. sand. Silt. Claf. 

6.0 0.5 0.7 3.4 1.8 41.0 52.7" 

This report, coming from the Govermnent, and obvioosly un- 
biased, seemed to this representative to be a solar plexus bloV to- the 
project, and he felt that the purcha9er had been misled. The parties 
effecting the sale fdt that their reputation was in jeopardy. They 
had never seen the soil report, but wbto positive, because of aotaal 
results, that the soil was very productive. The engineers were censored 
for failing to bring the report to the attention' of the parties inter- 
ested, and it seemed certain that the whole project would fall through. 

In an effort to re-establish confidence, a large number of repre- 
sentative farmers, experienced in handling bottom lands, were taken 
over the area and asked to pass judgment on the soil. All agreed 
that any land supporting a heavy tule growth was valuable v^en 
reclaimed, as much of this identical soil' which had been re- 
claimed in the Sacramento Valley produces great crops, Huch of the 
land in ibis area, LoWCver, is hot coveted with tules, and theSe bottom- 
land fariners would not vouch fur it becauae tiiejr toUld see ho nati'vie 
tule growth, which was the basis for their conduRons. In tiiift diffi- 
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aulty tbfl wTit«r bad t«coan0 to dte United States OoTeinipent Aurreja i^^ 
made in 1854 and 18M. In theee notes fitttuest reference was made 
to tul& groTth encountered. On platting these, a map was obtained 
Bhowin^ that tbe tule growth in 1864 covered nearly the whole of the 
area in question. This wis accepted as cooTiiidiDg proof of tiie oonti- 
nuity of soil type, and the purchaser was reassured to the CTtoit that 
reclamation is now going on. 

There will thus be created for the community a vast ^craageof 
excepticoially productive ground which, had it been impoesible tO' off- 
set the adverse report of the soil experts, would have contimied a 
worthless expanse of duck mftrsh, and the reputation of many m^ 
of high standing would have been shattered and confidence in their 
integrity and judgment lost. Further to re-establish the r^mtatiob 
of the land and prove the mistakaj character of the soil report in 
question, comparisons were made with the "Soil Survey of The Wood- 
land Area, California," by the U. 8. Department of Agriculture. 
This area adjoins that of Maryaville, and was reported on by Meesre. 
C. W. Mann, J. F. Warner, H. L. Westover, and James E. Fergiistrti. 
The soil type commented on so adversely in the Marysville Area is 
reported on as follows in the survey of the Woodland Area, page 26 : 

"Where this soil type is protected from oveifiow and is free from 
alkali it is adapted to grain, sorghum, Egyptian corn, hay, and other 
forage crops. 

"The texture of the soil * * *' js shown in the following table 
[by percentages] : 



0.1 0.7 0.9 3.3 1.4 ' 41.2 52.3" 

The snrv^ of the Woodland Area was made prior to. that of the 
Uaiysville Area. The mechanical analyses of the two soil types ate 
ideDtical. In reporting on the Woodland Area there could have been 
no mistake in advisit^ on its adaptability for the cwqw mentioned, 
* for, at the time the survey was made; the land was producing a very 
heavy alfalfa crop. 

It should be remembered that all information, used in showing the 
original Marysville Area report of this soil type to be grossly in error, 
was as available to the Government soil experts as to the writer, and 
that for their most adverse report on the soil in question there is no 
real excuse. Kevertheleaa, as it was obvious that ah error had been 
made, a supplementary report revising the survey of certain soils in 
the Marysville Area has been issued by the Government,, in which the 
former report was corrected and the mistakes excused on. the ground 
that at the time the survey was niade the soil in question was covered 
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witii water, tiiereby making thoroiigh investigation difficult I Cer- 
' tainly tbis was reason enough for failure to get good first-hand data; 
but why shDuId a report be made condemning many thousands ol acres 
of land on eueh dimsy investigation? 

The writer disserts from Kr^ Sellew'a ctHnmentS as to the proprie^ 
of inciuding'the discbarge records at Yuma prior to 1903, in Tatde 3. 
AH available data should always be given, with explanations, and thus 
permit the reader to draw bis own conclusions according to his own 
operience and judgment. Furthermore, the result of taking the 
yearly rainfall for the entire 265000 sq. miles of water-shed of the 
Colorado Biver.as the cMnbination of yea^-ly rainfalls at ei^t difierent 
stations scattered over the water-aheda, which it was assumed gave a 
fair average, does not seem to be 
justifiable. This is aho^n by 
platting the average rainfalls and. 
yearly run-offs, aa given by Mr. 
Sellew for 1903 to 1912, aa in 
Fig. 88. This provea that there 
ia no law that can be deduced 
connecting yearly rainfall and 
run-off totals on a water-abed aa 
Ifti^e as that of the Colorado 
River, and that one cannot tell 
with any more certainty than a 
guess what the run-off of the 
Colorado River was by using the 
rainfall data of the eight rain- 
gauge stations selected. 

Therefore, to condemn the 
discharge records at Tuma prior 
to the.' eatablishment of pertna- 
cent gauging stations there, as 
:being too low, because they do 
not conform clQsely to what one 
might expect from the rainfall 
records given, in the writer's 
opinion, is wrong. The early 
data are not precise, but they are . ""■ ^^• 

valuable and should have weight in the consideration of the problem. 

' That there may be long cycles of high and low yearly discharge 
of rivers is well established. The writer calls to mind some investiga- 
tions which he made into the past levels of the Great Salt Lake. By 
inquiry from old settlers and by searching records it waa found that 
'in the last century Great Salt Lake had two cycles, and probably 
three, of extreme high and extreme low water, and, according to such 
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experience, tbe lake, should be hi^ at thu time, and snGh ia the case. 
The lake is now some 8 ft. higher than it waa ait the time of the con- 
struction of the Xucin Cut-off in 1002, and tbisi rise haa t&ken place 
in spite of the fact that, for irrigation purposes, mocb more water 
than formerly ia now beii^ diveri^d from the rivers emptyitig into 
the lake. 

H. ,T. Goby, M. Am. SoO. C. E. (by letter).— The writer baa been J 
surprised and greatly intereeted at the reception of this paper by those 
connected irith the several interests inTolved. Though especial effort 
was made to be fair and dispassionate in the presentation of the rari- 
one features ai theilVork and situation, yet so much bjttemeas has been 
engendered between many of the various agencies in the development 
of the retKon that it itsa feh impjosgible to write anything worth wbUe 
and aybid causing, in many quarteis, a feeling (^ uti^fftimew- Xb» 
discusaions by Hr. Sellew a&d, Mr- Cbafft^ contitin ail matters d 
tliat kind d£ which the writer has be«n able to learn, and Mr. Cba&ey's 
discussion deals primarily with matters concerning wbi(^; the writer 
at no time had any personal knowledge. The other discQssioits, nu- 
merous . conversations, letters frota officials. of .the Southern Pacific 
Company, of the Fnited States Beelamation Service, of tdiQ Iateri«tr 
and State: Depactsients of the National Oovenimant, of the Cali{<MnJia 
Railroad (Public Utllitiea) Carnmisaion;. of ^tbe Oaliforaia JE>e?ek>p- 
meitt Oonlpony and moat of the Mutual ' Water; Ctmipaniee in Imperial 
YaUc?, of the Imperial Irrigatian District, ftsd fn»Q Mr. Bockvpood 
and soreral of Usassaciates in the project, have aJl exprassed lappiteia- 
ti oil for the faimesa of the presentation.. . In several ' oaaca mlLnor 
changeein ^rdlng have been suggested, but. it is a source of otDoh 
pl«asnre tlutt ^dltbese seemed to be not : only fair' but ■an :inlprore- 
men^ and firisr^ one of these changes has been made.. 

The writer ninst canf Oas that he has often -fek very pessimistic ami 
impatient ahoui the' -unreascmahle attitude and stubbornaessiof . a 
prbjudiceid man,- and therefore snch A result is: most interesting and 
encouraging. PoSsiblyi after all, mianndetitandiiig is reapimsible ior 
mnch of the failure to appreciate tbework and real motiTes of others. 
At any rate, thie is a striking illustration of men of affairs taking a 
common ground, or at least a tolerant appreciation of others' actions 
and (qtinions, when 6ll the facts of a: complex situation are syarlemati- 
celiy set foith in an' apparently fair and comprehensive way, even widi 
tiie handicap of strong feelings in the matter based' on partial or mia- 
leading informatiOTi: If such better understanding will resist. in lees 
misapplied energy in' complying the work thus started, th^ writeris 
efforts will be 'tftty well r^aid. 

The next most interesting things brought out: by the discussioiH 
are tiie opinions as to the contents of the paper; Mr. Seller regr«te 
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Kr; that the record o-f eugioeering qperationB was "psirtly pbBcored by a 
^^' maes of legal and, financial entanglementB which properly have no 
place in a purely . engineering article." Mr. Elwood Mead, on the 
othei hand, finds that this san^e obscuring "mass of legal and finan- 
cial entanglements" is the most raluahle part of the paper, saying : . 

"The chief value of this paper, however, is not found in itB de- 
scriptioii of the engineering methods used, but in the social and politi- 
cal conditions, attending irrigation developtneiit in the West, which 
it reveals. * * * as these are fundamental features of irrigation 
development, it.ia tjiat portion of the, paper whi<^ the writer, proposes 



Mr. Buck oonfines his discussion la^rely to: eriticizing ^larply Hr. 
Sellew's view. President Swain, in his annual addrees recoitiy deliv- 
ered before the Society, urges engineers to feel that their duty is to 
study and deal with financial, legal, and even social entanglements, 
bnd not those only of physics and applied mechanics. The Views of 
various individuals in this re^rd are no doubt cbaraotnistic of their 
reepective holders and the Teeult of their life experiences. 

Mr. Hobson has added a more detailed study of thi evaporation 
at tJie SaltOn Sea and shows that the figures given in the paper were 
Bomowbat too large, surprisingly small though they seemed. It might 
be well to point out that tiie coefficient, 0.6, derived by Ur. Bobscoi 
for 6-fti pans becomes, by Professor Bigelow's formula^ 0.49 for. 4-fL 
^ans and 6A for 2-Jt. pans, in estimating the evaporaticsi iwto large 
water surf aces &oin experimental small^pan data. . 

Mr. Enowles expresses the feeling, shored by many engtne^^ as 
well as laymen^ that reservoirs on tiie head-waters and along tike tribu- 
taries of streams subject to disastrous floods offer the best means of 
flood oontrcd in theory, and oft-times in practice. It ie probable^ aB a 
matter of fact, that Messrs. Enowles, Sellew,:GrunBky, and the writer 
are not far apart in this matter, and that all agree that liie extent to 
.which such methods may be feasible differs, with each stream. Mr. 
ICnowles aslts for data relative to this question, but it is believed that 
those presented by Mr. Sellew and the writer are all there are. 

Oonoeming these d&ta, however, it. is important to remember that 
neither Mr. SeUew nor the writer has any personal knowledge of the 
Storage possibilities in the watei-ehed, and both, agree that the avail- 
able-published iacte -are. not sufficient to determine. the feasibility .of 
complete, or the- astent.of practicable, resexvoir control of the Colorado 
Rivet. Consequentlyy this canclusiou reached. by Mr. Sellew, as a re- 
sult of his analysis, that there is but one ayailahle ieser?oir pite — 
Browns Park with a capacity of 3 200 000 acre-it. — on the entice Colo- 
rado River water-shed, is not only startling :but qiiite ,vnwarianted. 
Furthermore, the statement that "storage on the Gil* is out of the 
queation, as this stream carries more silt during its fiowing season 
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than the Colorado," is quite otit of accord with the opinions of hia Sr,' 
superiors in the IT, S. Reclanifltion Service, as the Roosevelt Dam has ^^' 
just been completed, creating a reservoir behind it having a oapacity 
of 1 284 000 Rcre-ft. at a cosf of tS 697 000, according to the first item 
of Table 23. This reservoir is on the Salt- River, one of the main 
branches of the Gila, and' has all the latteya essential cbajvcterietics. 
Aa a matter of fact, many reservoirs vriTl no doubt be CtfnstTHCted 
on the Colorado River water-shed, including probably the Kremmling 
site, in spite of the fact that at present it "ia in the hands of inter- 
ests foreign to irrigation or stora^ development," and these reservoirs 
will have considerable beneficial effect in Tedncingfiood flows; it is 
immaterial wheither or not the storagA possibilities have been over- 
estimated, as this can only affect the atent of such an iiifinence; but, 
as Mr. Oransky saya: 

"Whatever this may be, it will not change the river problein, ex-' 
cept as to its magnitude. " -" • The same lack of channel capacity 
will be felt at high stages on the lower river as is felt to-day, and. the 
same problem of keeping the delta channels of the xjver on the Gulf 
slope will confront the river engineers of the future as confronts those 
of to-day, except only that there will be somewhat less water and corre-. 
spondingly lees silt to be reckoned with." 

This ia eapeciaHy true because below Tuna.tbe rher ia practically 
a "joint track" for the Colorado and the GiK which are very diffeiient 
types of. streams, but. eochat tunca alone causes approximately equal 
mairimum flood heights; from Tuma to the Qulf. Of . course, the. floods 
OQ the Oila are flashy a«d those on tlie Colorado are l<Hig sustained, 
but that does not.signify as much as might be thought, so far aa river 
control, is concerned. Fojrtunately, severe Oila and Colorado floods 
never, ooour simultaneous^. ... 

As to tbe quantity oi water — tlie discharge of the Colorado ai 
Xuma-rtbe writer bdieves that the first haU of Table 3 sl^uld be 
griven, agreeing with Kr. Ifarshall that it ia always best to set forth 
all available da1:a>,with ezplanotion^^as was done in this case — and 
let the reader decide what to use and what to discard. The ^corded 
discharges ^rior to November, 1902, are by no means as reliable as 
those after that date, but that does not mean that tbey are worthless, 
tliough it does mean tliat they must be used with care and discretion. 
In this matter the comments of Mr. Orunsky on the reliability of the 
measurements taken since that, time, especially at high stages, are 
very pertinent. 

In'any event, it seems clear that, beginning with 1905, the dis-. 
charge of the rivej has been markedly greater than, normal, and that 
long periods will occur when the discharge will be markedly' less' than 
normal— ^as is pointed out very well by Mr. MarshalL ' lii the case 
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Mr. , he fnentioQs the water is within 4J ft. of the rail base on miles of 
' the very, -expensive Lncin Cut-ofi crossing the Great Salt Lake, and 
the water is still rising. The relationehip jjetween i^earl; rainfall anA 
lun-pff, even' on very, large water-ahede, and especially if few widely 
scattered points he taken, is by no mea^s cwat^t, as Mr. Mareball 
saye, and as the writer aad doubthms - many otljers haye learned, from 
time to time U> their discomfiture. ■■ With .the cKJating data it is *iot 
safe to decide in more than a tentative way as to either maximum or 
minimum qUaatitiea. Mr, Sellew.'a maximum figure as regards river 
control are probably fairly- .dose to the truth, but, .with r€«pect to the 
minimum i'oi estfmatine safe indgdble.adreaKe, caution must be used. 
Fortunately, it will be at least another decade- before all the iaude 
easily covered. by canals in those regions can be brought under .com- 
plete cultivation, and the dry cycle of years will probably be well udder 
way, so -that the safe Jimit of land wl^iqh qan be served by the natural 
fiow of the- river will :be determined in time to avoid i 



With respect t6 the rise'of "the river bed at Yumay Mr. Sellew is 
correct in the opinion that much ihore information is neceBsary before 
definite relations can be established regarding it. The Southern Pa- 
cific Company, however, has kept gauge heights at Yuma since 1878, 
and theae-rieeOrds showa steady rise of the river bed ■(taking averages), 
or a steady increase of the river discharge. The reader can judge 
which is more probably occurring, ■ Also, the old maps oH record in 
the British Muaeiim, in ai^ives at Madrid arid Mexico CSty," and in 
the Bancroft Library in the UnrveWity of Oalifomia, have been care- 
fully '.studied by Mr. Godfrey Sykes, of the- Oarriegie Ihstitiitiori, in' 
corinection With this very matter, and the final figures he has adbpted 
(which will appear in a volume, on the Colorado Desert by the Gamete 
Institution, novP ip press) check ■well with the "nieraory of a steam- 
boat captain," Ospt. Slellon, 'of Tuma^ qiioted' by the writer iri the 
paper, '','.' 

Undoubtedly the diAerence'in elevation at aHy'tfto' jJoints on th* 
river will change as the length of the river te'tween' 'these points is 
modified by meariderings of the streani'; and, also, the two points, ' 
Laguria Weir and the, conglomerate hills' at Yuma^are' the only one^ 
onthe lowpr river which may he regarded 'aa ' defiriitely fixed — aa was. 
pointed oiit in the paper arid again by, Mf.Sellew. The latter, how- 
ever, has mistaken effect for cause when he concludes that the increase 
of 4 ft. in difference of gauge height of the river at Yuma and 
Laguna Wdr "is plainly caused by the meanders o.f the river" between 
these two points. This stretch of river haij a normal length of nearly 
14 miles, from 1956, to 1909, and this had increased to 17 miles in 



by Google 



piaCDSSiqit ON IBHIGATION A,ND RITBR CQKTBQt , 



US8 



1912, because the atream had lowered at Yuma morq than 3 ft. as Ht.. 
ehown by the diagrem Fig., 8 (for reasons set forth in the , paper), ^*'' 
though no change ie poseible at Laguna Weir. The atream has re- 
established its normal grade per mile by lengthening itself, and, as 
the bed at Yutna riaea again, a corresponding shortening will follow. 
It would seem that the commeDtB in the paper as to tbe .d^isn 
and metfaods of construction of the Xaguna Weir were not clear, 
either to Mr. Sdlew or Mr. Onuiaic;. Fig, 89 abowi diagrammatically 
a crosa-eection of the weir aa built, and as tbe writer proposes. The 
reeulting structures would not differ in fimction, concrete top, crest 
or foot walls, appearance when completed, or general design in tbe 
sense of <a;oe»-Bection above ground. 

■ - DIAGRAMMATIC CfiOSS-SECtlON OF LAGUNAV/ErR 




■ ' ■■ ,AS st^GGEsreo. . 

PlO. 88. 

.The'diSe^aee:is in the om.iBsion of the concrete aross-walla (which 
wore very ezpensiTe in time and mon^) iti the second design, and 
ehangea in' method '^f construction by driving the riv^ aideways 
ahead of rock' and gravel fiUing fWm trestles, and thus making it'do' 
all the excavation. The result would be a greater yardage of rock 
in the stmoture, but the total cost of it iu place, including excaVation 
and everything, -would certainly not have been any more than the'. 
Costs given for the material placed in closing the central section of 
the weir-^undoubtedly it would be materially less pn account of the 
much niore favorable conditions aiid the larger quantities. The figures 
gi*eft by E. D. Vincent, M. ATn. Soc C^ E., Besident Engineer on the 
work, and quoted in the paper, are, in round numbers, $1 per yard, 
made up of the following items*': 

. * Snffineering llevit, June lOch, ISOSj' . . ''.'■- 
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Labor, dumping cart .- :,......-■ fO.020 

' Labor, general ; . . .... ;. . . . 0.020 

Sundry suiq>lie3 and in^lements. ................ 0.008 

Railroad hauling 0.217 

Depreciation, rolling . Block, apd tra^k. ........... 0.062, 

Eicavatioa, rock-quarrying 0.468 

TreBtling.: .......:..::....'..... 0.149 

Proportion of storage of apron rock ;...,■ 0.0l4' 

Light and water :........;.■....... 0.011 ■ 

Depreciation, special derricks., 0.001 

Proportion of superintendence. : 0,082 

dverbead chaises, Tuma and Waskiugton ofSces, . 0.038 

»1;040 

Aasuming the total- quantity of rook in the weir proper to be even 
twice that in the structure aB built, the amount required would be 
760 OOO cu, yd., or $760 000. Concrete facing and other items would 
hardly increase this sum to $900,000. As built, the weir proper cost 
91 672 168.20. Mr. Clarke's comments on euch methods of construction 
are very pertinent. 

This auggested cross-section and method of construction is funda- 
mentally different from that which Mr. Orunsky mentions as recom- 
mending in 1896 for a low dam in the Colorado in Iceberg Canyon — 
a dam to be constructed 

"of loose rock on a sand fonndation by blanketing the bed of the 
river for a considerable distauoe up and down stream with broken 
rock, using large blocks for the down-stream portions of the work, 
allowing the water to bury these as deep as it would, and using finer 
material in the up-atream face, which would ultimately be made 
impervious or nearly so by the river silt." 

Such eroBS-eection design and method of construction is of course 
entirely independent of Mr, Grunsky's suggestion that the wrir top 
should not have been uniformly high but have had a seotitKi, say 800 
ft. long, a few. feet lower than the, rest,, to hold the river .in a definite 
ppsition above the weir and to insure aifreepii^ drift, of whatsoever 
size .over the structure. 

Mr. Clarke's comments on "useless dredging" are most inbereeting — 
^y differ mateiially from reports .made by those who raooumiended, 
built, and are operating the dredge Imperial immediately . below the 
Concrete Head-gate. It seems probable that this dredge has .not en- 
tirely solved the silt problem in the Iinpcrial canal systeiq,;as it% advo- 
cates have enthuBiastically proclaimed. Future results will be watched 
most carefully. : 

The writer regrets that he did not make clear that no levee failures 
were caused by the flood of December 7th, 1806, on that portion of 
the Yuma Project built linder Mr. SelleVs direction, for, on taking 
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cbarge of the Project; in October, 1S06. Mr. Sellew at once ordenid vz. 
muck-ditchinff under all new leToes. This liad not been done before, ^^^ 
and tliere were two failures from tbie^ cause opposite the Lower Head- 
ing on the Project lereee, as stftted in thi llustrat«d witb 
ft pbotograpb, Mr. SeUew to the contrary r ig. The writer 
remembers this most vividly, because hla • n of levees in- 
cluded thorough muck-ditching, which wi ly ordered cut 

out as an avoidable expense, because, up t. , none had been 

done in building the leveea of the Yuma Project. After the disaster 
due to the flood of December ?th, 1906, careful examination of the 
damage to leveee on both sides of the rirer was made and data were 
collected to show ccmvincingly those not on the 'Vring line" that, with 
thorough muck-ditching, all completed levees cm the river would have 
been effective, and the two failures from' this cause on the Project 
leveea were considered very significant. 

The writer is inclined to agree with Mr. Sellew that the oecond 
break might not have occurred had the borrow-pits been on the river 
side, because of the peculiar facts of the short duration of that particu- 
lar flood and die location of the breaks it caused, l^evertbelees, the 
levee would have failed Just the same in tho several' plaoee. Also, 
muck-ditching wonld have prevented all trouble. When failure occurs, 
future construction designed with special reference to preveating that 
type of failure alone is most unwise, and it was felt that a failure 
similar to that which happened with tbs extension of the levees built 
later by Mr. Ocketson would be quite as disastrous as though caused 
by lack of mudc-ditching or anything else. The design adored was 
expected to prove safe - f rbnoi both these dangers, and, thus far, has 
done so entirely. 

It is true that the recommaidations of the first ^d second con- 
sulting boards as to levee Construction and reconstruction were not 
followed — a careful reading of these recOnUnendations uid of the paper 
wiU, it is believed, convince the reader that this was wise. Especial 
attention is called, for example, to the recommendation coi page 1894 
to comply with which would have cost 919 000 per mile, though the 
total cost of the leveM, exclusive of gravel blanketing, was consider- 
ably less. 

As to the efficiency of the interrupted or chet^erboard system of 
bOrrow-pits, Mr. GrUdsky's observations coincide with the writer's, - as 
set forth in the paper. There is Uodoubt that some^-neVen tUough 
slight — additional security is Obtained. The question in any cnse to 
be decid^ is -whether it is great enoBgh to justify the: additional coat. 
The writer's opinion is that, as the materials grade more and more into 
those easily eroded, the available precautionary measures are, in their 
order of effectiveneBd: riverside bonow-pits with occasional short 
traverses; river-side continuous borroW'^pita; rivez^ids Dheckerboud 
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Hi. borrow-pits; land-aide borrow-pits; hydra ulic-dredge-built levees, as de- 
''' scribed by Mr, Gninsky; and, lastly, blanketing iiitb cementing gravel, 
cona^te, etc. 

The effectiveness and cost of checkeiboard borrow-pits, and conse- 
quently whether or not to use ttiem, must be determined for each indi- 
vidual Cfiae. With those soils and conditions of vegetation, grade, 
. etc, where they will afford all the needed added security, considerable 
additional, cost is justified; and, where this ia not the case, little or 
. DO additional expenditures for them is wise. Siniilarly, as to the 
cost, with small levees, narrow berma, and easily handled soil — bo tliat 
;tlie haul is of inasimuca importance — the additional cost as a percent- 
,agB will be greater, aad vice versa. This difference, as set forth in tie 
: paper, was actually, deterqiined carefully by building adjoining sec- 
tions of levee with continuous and with checkerboard borrow-pits, 
using half of oqe camp on each section, and interchanging men and 
:telims daily. Ev^y; effort was nUMle to ..secure otherwise identical 
-«onditions, aad it: is bdieved with unusual. , success. The levee was 
uniformly 8 fi high, 10 ft wJde on top, slopes,. 3 to:l,;bernis 40 ft., 
borrow^its with 60-ft. traverses each 400 ft. io one c^e, end 100 ft. 
alternately bonoW-.pita and- undisturbed in the other, d^tb' of pits 
.- in. botii' eases, 2i ft. at Ieve4 end and i ft. at f8T;end. The material 
waa ^the Colorado Delta silt deacubed :at length in. the papar- The 
;Dosf3, excluding contractor's plofits. w6reiound to be. 19 and SSj cents, 
Teapectirely, per yard of embankment in place on completion; the 
settlement was very alight. This is in th^ latji} of 1.00. to 136.5. Mr. 
Sellew^ witfa essentially similar, wgnrk, dpnO' under noimfil instead of 
rush conditions, reports the costs as 11 and 13 cents^ ' respectively:— 
shop' costo bnly-'-oi: ixt the ratio of. 100 to 11$. ,. ^ th^, reader is 
interested ee to the oonsis:t«ncy of thraetvo results, he can compute 
: the average haw! in the two classes (»f borrowrpita ^nd check them up- 
The method, of constructing levees by hydraulic 4redgeH, as aug- 
geated by Mr.. Grueeky, has been used to .a considerable extent on the 
Sacramento iRiver, aJtboiX(^ : &e material from, the muck-ditch is 
there. usually deposited' on boA the river and land. sides of the trench, 
and the hydraulic fill made in the excavation and space between the 
':two banks. .The soU in-that.ilooali^ is -sBch that., it does not lerode 
easily, and, more often .than not, the levees are lopated on the river 
banks. With levees set . well back and: with the. shallow,, ijauddT 
Colorado, .it . is. vbtj. doidstful whether such methods could be used 
Buocesafulty for levee building on that jiver. , Furtbarmore, t^e amount 
of work done, especially duiing any one year, will probably be. so, sm&ll, 
and the deterioration and cost of handling a dredge on, .the lower 
riv«r so great, that the total levee cost. woul4 probably be much hi^ier 
than .'by the pvesent methods. . . 
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Ut. Grunsky points out that the levees along die river have not Ur. 
yet been Hubjected to a conclusive t«at, and suggesta two points: '^' 
seepage under the leveea with land-side borrow-pita, and reasons why 
the levees have not yet needed to be bb high as were built. Aa to the 
former; miniature, pin-head, under-water volcanoes did appear, but 
their number and size did not seem to be large, wheti the effective head 
was greater, and after a time they stopped entirely^ In not a single 
case did any of these become in any way menacing. Furthetmore, 
last year the water-table rose above the ground surface bebfnd the 
Reservation Levee of the Yuma Project with river-side borrcfw-i>its, 
covering a considerable area, and eerioosly inttfrferiag with- crops. 
The action i^ a rise of the undergroimd water, and not seep^^ under 
levee atructntes. 

The top grade line of the levees built under the writer's direction 
has proven to 'be higher than as yet required because of the: abnormal 
overbank flow and cutting off of Nigger. Bend. in 1907 (as pointed 
out 1^ Mr, Grunsky), and later by the Abojaa Division, which did lower 
the river at Yuma, as shown by Fig. 3, and at all, points below as 
far as the diversion, Mr. Sellew to the. contra)? notwithstandiAg. 
Indeed, it vas tibia lowering at the Concrete ,H«#d-gate, which, with 
silting up in the Imperial intake, caused, th^ building of the 70ck 
weir across the river at that point in ISJO, as.co.nvmente4 on by. Mr. 
Clarke. Nevertheless, to have built louder ieveeB -would hev« beCn 
taking on unjustifiable risk. This is shown piost strikingly. by what 
happened with the levees neur the Abejas .Dam.,. In .^i^.c^M the. levee 
grade was feed by reference to the fresh high-;iyat«r markaof the 
1909 flood which ha<l its outlet down the. Abejas, but. after that closing 
was to be held in the old river channeL. This lattai did «ot soour 
down as was expected* and, had the levees .held, they, would have been 
overtopped in the vicipity of the dam by; a 100 000-seo-it. river timt 
summer. Fig 901 shoVs the situation thm'f. . . 

Mr. Grunsky believes the control of : the. Colorado , between perma- 
nentlj fixed banks should not — at least for a long time-tTbe. pri^ected 
beyond some agreed point near the Arizona boundary line, andJinr.tfais 
he is joined by the Board of Review which reported on. the failure of 
the Ockerson levees, the writer, and most of thoBB who have been:-on 
the "firing line." The exceptions are Mr. .Qckuson and .Mr. \&dlaw. 
This. is a matter of judgment, and all available data affecting the 
matter, for which a place. could be made in a paper of this kitid, have 
iieea given. ■..■..:■ .... 

.: Mr. Follett confirms the -writer's figures of land «1(^ aw^ from 
the river banks, and suggests the desirability of aaecdndary tevee from 
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tie Band hiUa to the C. P. 
Ca levee, where.it is a mile 
away from ■the river, with a 

. gate structure where the 
main caaal is crossed. This 
idea has heen given careful 
consideration; the Board of 
Review jijBt mentioned hm 
reported that the money such 
a secondary levee of defense 
would coat could be more ju- 
diciously expended on the 
principal levees along the 
river. The writer agrees with 
the Board of Review in this. 
The writer ia surprised. On 
re-reading the paper on re- 
ceipt of the diecussidns, to 
iind that so little had been said 
about hank protectioii work. 
This waS partly the result of 
touching as lightly as poBsi- 

■ ble on unsuceeaaf ul river con- 
trol work done hy others, 
partly- because of a tacit un- 
derstanding with other mem- 
bers of the Society as to the 
contents of the paper and 
their discussions thereof, Bnd 
partly because, sintie holding 
the levee embankment on'the 
north side of the Second 
Break in January, 190T, by 
gravel and r6ck reretmeut, 

. as set fortii in the paper and 
. in Mr. Clarke's discussion, the 
proper way' to do such work 
has seemed ohvibus. Messrs. 
Grunsfey, Hind, Claire, Hanr- 
mann, and the writer went 
over this, matter, together in 
June, 1907, and agreed' as. to 
the general procedure on 
the lower rivei^-^praetieaUy 
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tliat conciselj eetforth by Hi. Clarke under tbe hendmg "Control of Se. 
the Eiver," Mr. Gninsky reported accordingly to the Secretary of '^' 
the Interior at the time, and Mr. Sellew has now reached practically 
the same eoQcluBioOB, except aa to the important difierence of revet- 
ing only at threatened points and so diEtribnting the work over many 
years and letting the river do all dredging and placing gravel" and 
rock welt down to the limit of scour. In any event, the matter of 
funds' will doubtless distributethe work-over a long {)erlDd, and the 
procedure recommended helps to arrange the "cutting of the garinedt 
according to the doth," 

With a railroad traoh on the leveea, with large quantities of roiA: 
ready in near-by quarries and gravel pita in constant operation, and a 
very lai«e railway ■"organiaation which, at any time, on telegraphic 
notice, will send, for cost plus 10%, "work trains, ateam ahoTels, and 
a completely organized force, the tUethods of bank and levee produc- 
tion work here seem to the writer to be self-evident. All those who 
have had to deal with the lower Colorado, except Mr, Ockerson, agree 
as to the vital importance of a railroad track on thes* levees; 

When thus equipped, and with the forgoing plaii of river control 
and levee revetment^ there is so reason for locating levees farther 
ttmd the bank than needful to provide sufBcieilt waterway for the 
greatest possible floo^L ' Location farther back means on lower land 
and hence higher. levees and greater difficulty to revet and hrJd when 
attacked by h^ui. erosion. Sueh.more distant levee location, can at 
moat mean a 'later date for completing the entire river revetment, 
and, outside. of reasonable limits, this becomes a disadvintoge rather 
than advantage. - . .: 

Oomeqo^tly, -th6 writer still. feek that: 

"Because oi the various succes^ul and unsuccessful workdone in 
tlie region * * *^ the Colorado Kiver Delta now presents no un- 
usual, unsolved et^gineering jdifiieulties; it^ problems are chiefly mat- 
ters. of statecraft,. in both river control and irrigation,".. . , . 

The writer joins with Professor Forbes in regretting that the. ex- 
ceedingly inter^ting geological ^«teh and historioal i>enew of the 
Colorado Desert;, jir^red aa a paart oftluB paper, by Frisfesaor, Blake 
shortly before his deat^ «i>uld not be utilized in tliat w«$'. .fortunately, 
it will appear ^ewh»e, andits.neading -iS coffijEaended to those inter- 
ested in this;subject. ■ ■■ .- 

Mt.^ (AafF^s. discuBsi(Hi is of :eBpecial; interest, not on^ -to the 
.wiitai, «nd -thoBe 4oealIy . interested, but.to many, wflm^ere'-of the 
Prof^^t^ vho ne*ier. had a, persoaal. inboreetin.th^'L'fV^ 'Col^ftdo. 
The .eorrecti^a xnd criticism^ it';cej)iit»iBB the writer c^.only.^dmiit 
to befaie; he reg^ts the inaccuracies ax the paper .inhich. called them 
tiXefb, and takw, tius,"op(wrtunity to. expiry hi? |>lea«ure, -at, -their il^ag 
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Mr. presented. Since the paper was presented, the Supreme Court of 
"^'^ California, in Thayer vs. California Development Co., finally held 
the ayetem of mutual water companies and triparty contraotB to be 
legal, and, in addition, commended such plan. Thia la the fifat decision 
handed down equarely on this point, though In other cases the Dis- 
trict Federal Court and the State Supteme Court had hy Indirection 
practically decided just the opposite. It is, indeed, a sad state of 
affairs when it takes from 1906, when the first litigation began, until 
1913, for investors and settlers to know definitely whether their opera- 
tions and organizations are within the law. Kr. Mead is right in 
B^ng that at least three-fourths of the trngation enterprises have 
been financial disasters because the laws were such that there was no 
adequate security for the money expeoded. So it is that, in spite of 
the l^ality of the plan as finally decided and its excellent basic busi- 
ness prinoipltis, it would doubtless have been better had the project 
been carried out under the Carey Act 

The writer takes pleasure in expressing appreciation of the stand- 
■ ing of Mr. Oeoi^ M. Chafiey in irrigation work in the West. The 
Ontario Colony he founded in 1S83 was ejected ten years later as a 
model for the irrigation exhtt>it at the -World's Esposition, end in his 
work at Uildnra, Australia, he deeigned, had built in England, and 
installed, the first oentrifugfd pumps driven by triple-expansion engines, 
there being four pumps on the same ^haft with a total capadty of 
820 cu. ft per sec. lifted 30 it. He is at present, among other things, 
.bead of the magnificent water system irrigating lOOOO acres ot citrus 
lands near Whittier, Cal,, including the highest priced agricultural 
lands in California ($5 000 per acre). Furthermore; be is a .man 
of affairs and of lai^ means whidi he acquired principally in irriga- 
tion enteiprises and banking, sod hence has the confidence of moneyed 



The comments of Mr. Chafley and Mr. Marshall on soil ( 
tion and reports are pertinent and worthy of serious consideration. 
The efiect of the soil r^orts on the ImpeTial region was most serious. 

It is nearly a year since the paper was written, aad in that time 
die maze of litigation over the Imperial Irrigation System has, if 
flnything, becoEae more comi^azL Arrang^nents have: been made to 
Supply water to additional lands by the Beceivera of both the American 
and Mexican Companies for 50 cents per acre-foot, Ttitii a 10% free 
allowance for sewage and evaporation, and with ho "water right" or 
water Btoct oharge or requirement Thus the later comers are getting 
water- for their lands on better terms than the pioneJers in thA region, 
'and fhfl opportunity for bettering the financial statiiB of both parent 
companies by the sale of valuable water rights — B»d ao in the last 
analysis having tie newcMners bear a proper share of the inevitable 
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burden of readiuatment, however that is to be accomplished — has been sir. 
lost. This resulted from an unfortunate hostility between the two '■'"'■ 
Receivera. Dr. Mead is certainly justified in hia comments on laws 
governing irrigation projects. 

The development of tie country is going on more rapidly than 
ever, and land values have increased very markedly, due to the grow- 
ing confidence of the outside public. The 1913 shipment of perishable 
products alone is 3 880 carloads, as follows : 

Cantaloupes 3 499 

Watermelons 338 

Tomatoes 10 

Other vegetables 26 

Miscellaneous 7 

A new high-line east side main is nearly completed which will 
water an additional 150 000 acres, and surveys have been completed 
for a Mexican Canal follovring closely the Paredonea delta divide, 
crossing New River near Volcano Lake and thence northwesterly to 
the International Boundary Line near where it is crossed by the West 
Side Canal, These canals have no especially noteworthy engineering 
features, however. 

No progress whatever seems to have been made in international 
negotiations looking, toward joint governmental river control or con- 
servation and division of the Colorado's waters between the two 
countries. 

A very interesting and complete description of the Colorado River 
Siphon of the Yuma Project, by George Schobinger, Jun. Ain , Soc 
O. E.,* haa recently been presented before the Society. 
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PART V. 



DEVELOPMENT— SEPTEMBER, 1913. to JULY, 1915 



The paper, "Irrigation and River Control in the Colorado River Delta," 
was presented to the American Society of Civil Engineers, January 8, 1913, 
and the discussions closing in October, 1913, extended the engincerii^, 
financial and colonization history of Ihe region, to about September 1, 1913. 

The paper, together with all discussions, was then republished in the 
Transactions of the Society early in 1914 (Vol, LXXVI, pages 1204-1571). 
This closing statement is to set forth the important events and developments 
between September, 1913, and July 31, IfllS, the date of this volume's going to 
press. 
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DEVELOPMENT— SEPTEMBER. 1913. to JULY. 1915 

BY H. T. CORY 

I, SALTON SEA. 
E)epth and Asea. 

The waters of the Sallon Sea continue to diminish, the depth on July 1, 
1915, being just 40 feet. In February and March, 1907, it was 76 feet, so that 
the total decrease is 36 feet in S'/i years, or an average of 4.38 feet per 
annum. The present water surface is about 310 square miles. When at its 
maximum height, the overflowed area was about 475 square miles, so the 
decrease has been about 165 square miles, or 105,000 acres. 

Composition. 

The water continues to grow in saltiness, and now (July, 191S) has 
almost 14,000 parts per million of total solids, plus water of occlusion and 
hydration. This is almost exactly three times' as high total solids as on 
June 3, 1907. See abstract of Dr. W. H. Ross' monograph in Part II, page 
37. The percentages of concentration for the separate constituents continue 
to show variation from the general rate of concentration, due undoubtedly 
to the disturbing effects of drainage and seepage water reaching the lake. 
Three constituents — calcium, carbonic acid and potassium— are, however, 
showing variations clearly due to other causes; the calcium and carbonates 
are not concentrating as much as the other constituents, while the carbon- 
ates even show an actual decrease. It now seems well established that this 
loss of calcium carbonate is due to the formation of new travertines similar 
to those formed when the ancient Salton Sea dried up and disappeared. 
The potassium, however, of late has increased in about the same ratio as 
other constituents on account, at least in part, of the apparent decrease in 
animal and vegetable organisms in the water. 

The water is now normally very clear and the minute organisms seem to 
be decreasing. 

II. IMPERIAL VALLEY. 
LrrioATioN. 
During the entire period the receivers of the C. D. Co. and of the 
Mexican Co. have continued in charge of the properties, and because of dif- 
ferences between themselves and the various Mutual Water companies, 
appeals to the court have been frequent The litigation between the stock- 
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holders of the parent companies, the bondholders thereof, the New Liverpool 
Salt Company and the Southern Pacific Company has continued with little 
tangible results and there have in addition been added to the docket several 
actions which would be of real importance were it not for the activities of 
the Imperial Irrigation District. 

Receiverships. 
The receivers of the C. D. Co. and the Mexican Co. have from the 
beginning worked at cross purposes, apparently with increasing misunder- 
standing. This has resulted in increasing inconvenience to and growing irri- 
tation among the water users in the valley, particularly on the American side. 
Many features of such antagonism have been little less than opera bouffe in 
character, but unfortunately usually had serious consequences to the American 
water users. Many incidents of the American receivership strikingly remind 
one of Daudet's incomparable "Tartarin of Tarascon." 

The Imperial Irrigation District. 

The Imperial Irrigation District was created July 24, 1911, by an over- 
whelming vote. After considerable litigation concerning the legality of its 
formation, and the enactment of special legislation by the California Legisla- 
ture of 1913, the organization or rather municipality, became active and on 
October 29, 1914, by vote of 3278 to 330, authorized an issue of $3,500,000 five 
per cent bonds which fall due serially in the period from twenty to forty 
years hence. At the general November election of 1914 an amendment was 
adopted to the State Constitution removing the inability of the District to 
acquire properly in a foreign country (Mexico) and at the session of the 
Legislature just adjourned (May, 1915) numerous desirable changes in the 
California statutes concerning irrigation districts were made. These changes 
are in large measure due to the earnest eflforts of Mr. M. W. Conkling, 
Attorney for the District. The municipality is, therefore, now ready and able 
lo carry out effectively, the objects for which it was formed, viz: (a) to 
supply irrigation water to the American part of the Imperial Valley and (b) 
lo be its agent in the matter of river control. 

After considerable negotiations, arrangements have been all but com- 
pleted with the Southern Pacific Company, whereby the Imperial Irrigation 
District takes over all equities of the Southern Pacific Company in the 
C. D. Co. and in the Mexican Co., except about 70,000 acres of Mexico, still 
belonging to the Mexican Co. This transfer to the Imperial Irrigation 
District is for the consideration of $2,152,500 of its bonds with interest 
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thereon beginning July 1, 1915, The railroad company further agrees to 
buy enough more bonds at par to furnish the funds necessary to pay the 
judgment of the New Liverpool Salt Company, should this be necessary for 
the District to do as the result of action now pending in the California 
Supreme Court. The Imperial Irrigation District also acquires $351,600 
face value of the $487,000 outstanding bonds of the C. D. Co. with interest 
accrued thereon, and approximately $315,000 worth of receivers' certificates 
issued by the receiver of the C. D. Co. 

It is understood that by September 1st the Imperial Irrigation District 
will have been enlarged to include a total of 600,000 acres of land on the 
American side. 

At the same time it is most interesting that the installation of an intake 
gate just over the boundary line in Mexico is under certain possible con- 
tingencies being seriously considered because while there would thus be an 
abandonment of the C. D. Co.'s water rights in the United States, there 
would on the other hand be a short cut to eliminating as legal factors the 
C. D. Co., including Its receiver, judgments, htigation and outstanding bonds 
(see page 1331, "Pilot Knob"; page 12SI, "Ideal Plans"; page 1375, "Mexican 
Concession Secured," and first paragraph on page 1422), 

In the latter part of 1914, Mr, C, R. Rockwood, who was the original 
?,nd moving spirit in organizing the C. D. Co, and who was until April, 1B06, 
its Assistant General Manager and Chief Engineer, was appointed Chief 
Engineer of the Imperial Irrigation District. That Mr. Rockwood should 
again be called to head the engineering work of Imperial Valley's irrigation 
system is of peculiar interest and 's a source of sentimental and personal 
satisfaction and pleasure to his many friends in the valley. 

Joint Governmental River Administration and Protection Work, 
On account of the unfortunate revolutionary conditions in Mexico, no 
progress whatever has been made in international negotiations looking toward 
joint governmental river control and conservation and division of the waters 
of the Colorado River between the two countries. This fact has an important 
bearing on the advisability of the Imperial Valley's diverting water at the 
Laguna Weir, 

Extensions of and Changes in Irrigation Works. 
The East Side High Line Canal mentioned on page 1S71 of the paper 
was completed in April, 1914, and will serve to water 110,000 acres of land 



by Google 



1576 RECENT DEVELOPMENT 

lying to the east and north of the area irrigated in 1913. In addition several 
other canals both in the United States and Mexico have been constructed, 
but they are relatively minor in character. 

Several important canal structures have been installed, the chief ones 
being a wooden gale in the Alamo at the east line of the Imperial Develop- 
ment Company's or Cudahy property in Mexico near Bataques; the Lawrence 
Heading where the East Side Main Canal takes off the Alamo ; the Allison 
Headgate replacing the Holt Heading just north of the International 
Boundary Line on the main canal feeding Imperial Water Company No. 7 ; 
and a new headgate for the Encina, or, as it is now generally called, the 
West Side Main Canal, just above Sharp's heading on the Alamo River. 

The Eneina Flume in the West Side Main Canal over the New River has 
been replaced by another structure of imtreated wood just above the old 
location. The Dume is S3 feet by 6 feet and has a capacity, with a depth of 
5i4 feet, of 1210 second feet. It is 698 feet long and is connected with the 
canals at either end by concrete inlet and outlet structures, each 63 feet in 

In addition to these a Stoney gate (sliding vertically) has been in- 
stalled at the west end of the original Taintor or Concrete Headgate at the 
present intake on the Colorado River. This Stoney gate has its bottom 9 feet 
tower than the sill of the original structure and consequently permits taking 
water from the river when at a considerably lower stage. 

One of the results of using this new Stoney Gate is drawing into the 
canal from the bed of the Colorado a relatively large amount of the heavier 
sands. The suction dredge, "Imperial," which works below the gates is noiw 
pumping gravel the size of split peas and the canals through the valley are 
carrying much heavier sand than ever before, consequently, the difficulties of 
keeping the ditches and canals in condition is increasing. 

Since 1912 when a small amount of work was done in the vicinity of 
Sharp's Heading and about 30 days' operation of the dredge "Delta" in 
January and February, 1914, there has been no dredging on the Alamo River 
or Main Canal in Mexico since 1911. Entire dependence has been placed 
on team levees along the bank, and these levees have become so high and 
the borrow pits so deep that they are beginning to constitute a real menace. 
The bed of the Alamo River is constantly rising — so much so that in 1914 
both levees were only saved from being overtopped by means of shovel work 
while in places for a mile at a stretch, there was less than three inches of 
freeboard during the period of maximum demand, because the high water 
grade lines were as much as two feet higher than the year before. 
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The dredge "Gamma" was sunk May 27, 1913, in 16 feet of water and 
the dredge "Delta" has been berthed on the bottom on the Alamo bank, 
because its hull has rotted and no provision made for funds to build a new 
one. A new dredge, the "Beta," has been constructed by the receiver and is 
at this moment (June, 191S) working in the main canal supplying Imperial 
Water Company No. 5 just above the Allison Heading. It is expected to be 
soon sent across the boundary line into Mexico and put to deepening and 
widening the Alamo. The "Beta" is a dipper dredge with l^/i-yard Marion 
steam shovel equipment, and has a steel hull 

In addition there has been some \vork done with the Stockton dredges 
(which are described on page 1280 and shown in Figure 17 of the paper) on 
the West Side Main while the dredge "Alpha" is now working near the 
International Boundary Line with the expectation of dredging back as far 
as the flume over New River. 

Mutual Water Companies. 

Several more Mutual Water Companies have been formed, the complete 
list of all those on the American side is as follows : 

Nos. 1, a, 4, 5, 8, 7, 8 and 12, the South Mutual Water Company, the 
North Mutual Water Company, the North Side Mutual Water Company, the 
North End Mutual Water Company, the Imperial South Side Mutual Water 
Company and the Imperial East Side Mutual Water Company— a total of 
fourteen companies, comprising 600,000 acres of land. 

Irrigated Areas and Population. 

During this season (1915) there is under cultivation on the American 
side fully 400,000 acres and on the Mexican side 40,000 acres. 

The ultimate irrigable area on the north and west of the Colorado 
River as its course now runs is 1,000,000 acres on the American side and 
£50,000 acres in Mexico. 

The net amount of water delivered to American water users by the 
C. D. Co. receiver in 1914 was 1,020,333 acre feet. The amount so delivered 
in 1909 was 453,413. The agricultural development in 5 years has thus in- 
creased the water requirements of the American side about 2^ times. 

The population (1915) of the irrigated sections is probably 35,000 in 
America and 5,000 in Mexico. 

River Control. 
Until the passage of special legislation as heretofore mentioned it was 
impossiWe for the Imperial Irrigation District to do any river control work 
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or spend any money in Mexico, There was no other organization to represent 
the valley and the receivers of the C. D. Co. and the Mexican Co. continued 
failii^ utterly to co-operate. 

While this was the situation during the summer flood of 1913, conditions 
on the river levee at mile post 7 (reckoned from the Concrete Heading) 
became threatening because of bank caving. In considerable part at least, this 
was due to deflection of the current from the Arizona bank by jetty work 
installed to protect the levees of the Yuma project. A small amount of work 
done at the proper time would have stopped the bank cutting, but there being 
no agency able or willing to handle .the situation, the action was allowed to 
continue until the cutting extended through the levee and about half a mile 
of it was washed away. Finally the Imperial Irrigation District contributed 
$30,000 and the U. S. Government $47,000, out of the balance of $55,000 
remaining from the million dollar appropriation made by the U. S. Govern- 
ment in January, 1910 (see pages 1437 and 1453 of the paper). With this 
total of $77,000 expended chiefly under the direction of Gen, W. L. Marshall, 
Consulting Engineer to the Secretary of the Interior of the United States 
Government, a shoefly levee was constructed around the break and some 
40,000 cubic yards of rock revetment placed along the river levee between 
mile posts S and 7. A small portion of this rock revetment work was paid 
for by the mutual water companies operating through what is known as the 
Advisory Board of the Mutual Water Companies. This Board is made up 
of one director from each water company. 

As the summer flood of 1914 neared its peak, the water against the 
Volcano Lake levee reached a dangerous height and on June 10th was at the 
eastern end within 35 feet of the top. Then a break occurred due to a rat 
hole near mile post 8 (measured eastward from the Black Butte or Cerro 
Prieto) which increased until it passed a maximum of 13,000 second feet. 
It is generally understood that had the levee not broken it would have been 
overtopped. The water passing through this break ultimately got into the 
New River above the Encina or West Side Main Canal Flume, but it did no 
damage other than washing out a few Alls on several of the bridges crossing 
the New River on the American side of the line. 

In February, 1915, the United States Congress appropriated $100,000 
for river protection on the Colorado River, conditioned upon the Imperial 
Irrigation District's contributing a like amount to the United States Treasury, 
the total sum to be spent under the direction of the Department of the 
Interior. Again Gen, Wm, L. Marshall, Consulting Engineer to the Secretary 
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of the Interior, was placed in charge of the work. Approximately $80,000 
of this was spent in placing rock on the river side of the levee between the 
Concrete Headgate and mile post 7. The total quantity of revetment so 
placed was approximately 70,000 yards and it Is believed that the levee between 
the points named ought to be safe for the time being, and possibly for several 
years. The other $120,000 has been spent in raising, strengthening and 
extending eastward the Volcano Lake levee. Approximately 440,000 cubic 
yards of levee work proper has*been done and about 300,000 cubic yards of 
combination levee and canal work. 

The last item of 200,000 cubic yards is the material necessary to move 
in order to construct a canal from in front of the new Cudahy gate on the 
Alamo River near Bataques, southerly to the Volcano Lake levee and thence 
along the north side of that levee. The object is twofold, carrying water 
along a high line to the West Side of the valley and levee building by silting. 
The latter idea and the situation at the Volcano Lake levee can best be 
explained together. The Abejas or Bee River, has been rapidly building up 
its banks, and also probably its bottom, with silt, so that where it now flows 
across the bed of the old Volcano Lake it is much higher than formerly and 
apparently is still rising. Due to this silting two alternatives for local treat- 
ment are possible. Either (1) the river protection work must be moved over 
to the present course of the stream in order to continue levee building and 
maintenance on the highest ground ; or (2) the ground in front of the present 
Volcano Lake levee must be raised artificially. The back water which comes 
against the Volcano Lake levee under existing conditions is so nearly clear 
that there is very Uttle silt deposition. Furthermore, the material along a 
considerable length of this levee is not favorable for dyke construction. 
Mr. C. N. Perry, engineer for the receiver of the Mexican Co. and who has 
been connected in responsible capacities from the very beginning of engi- 
neering operations in the Imperial Valley, two years ago suggested the plan 
of carrying a limited amount of water along the Volcano Lake levee and thus 
continually deposit silt there. The plan will probably be put into execution 
in the near future. It is urged that by constructing a high line Mexican 
Canal with its southernmost bank being the Volcano Lake levee, for carrying 
water to the west side of the valley, that sufficient silt can be annually 
deposited, dredged out of the canal, and placed on the Volcano Lake levee 
to keep pace with the general rise in the channel of the Bee River, until such 
time as the stream may make a new chaimel further east and south. Surveys 
are to be started after the 1915 summer flood season has passed to determine 
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what changes shall have taken place during the 1915 summer flood and par- 
ticularly since the survey made by Mr. T. J. Hind during the summer of 1911 
(page 1449 of the paper). 

Messrs. Epes Randolph, T, J. Hind, F. L. Sellew and certain other 
engineers on the contrary hold that the only proper treatment of the whole 
river protection problem is the closing of the Abejas break, returning of the 
river to the old channel (that prior to 1910) and maintaining a line of levees 
on the west bank essentially as outlined by Mr. Ockerson and followed in 
his work of 1910-11. 

Diversion of Water at the Laguha Weir 
Partly on account of the difficulty in maintaining the canals in Imperial 
Valley because of silt deposition and partly to assist in negotiations for 
securing the irrigation system in the Imperial Valley, Mr. M. W. (inkling. 
Attorney of the Imperial Irrigation District, in December, 1914, conferred 
with Hon. Franklin K. Lane, Secretary of the Interior, concerning diverting 
water for the Imperial Valley at the Laguna Weir of the Yuma project. 
The offer was tentatively made by the Secretary, subject to congressional 
approval, to permit diverting water at the weir for a flat payment of $500,000. 
In addition it would be necessary to construct a canal from the weir to 
Andrade, although for part of this distance at least, it would be possible to 
enlarge the present West Side canal of the Yuma Project. 

All things considered it is a serious question whether it would not be 
very profitable and wise for the Imperial Valley to make some such an 
arrangement, instead of continuing to take water out of the river at the 
Boundary Line. 

Recent Teublor Activity. 
In June, 1915, occurred the severest seismic disturbance in Im- 
perial Valley, certainly within recent times. Several rather hard shocks 
were felt, and considerable damage was done in the southern part of the 
valley, particularly El Centro, Heber, Calexico and Mexicali. Outside these 
towns no damage of any importance occurred. Tremors continued for about 
two weeks, during which time there occurred a total of considerably over 
one hundred temblors. 

It certainly is not of record, however, that this region is more sub- 
ject to earthquakes than any other part of California, Mexico or the 
Pacific Coast 
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In fact, every part of the world is subject to this species of visitation. 
Those who talk about "earthquake countries" forget that every spot on the 
earth's surface has suffered and will suffer again from convulsions of this 
kind. 

In conclusion is given the following apt quotation from the San Fran- 
cisco Argonaut of July 26, 1915 ; 

"It is not too much to say that the Imperial Valley is at once the 
largest and potentially richest unified district in the United States. It is 
practically a vast hot house, in which may be grown throughout the year 
products which elsewhere may be produced only under glass." 

'APR«5W?? 
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